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. ^-ljju^JI <Lk.j)^w \ xVi J jls\~\ \ La ^jl_ JjQ 6j-aL^. 4 9 \ i oa 

^ylLLt (_j ^.lo I CijlS La JjlC (CjIjju_u ^ a A ^ ^U_a Cj Jj3j 


luLa_S £^_a_a O 
j 1 j)-\-t. i.J 1 olj 


jlAJ <j| ( Llajil 6^) La coJla 

IlaV Ca La Cowj-lL La J*\Cj .jjjkll ^ If- 

(( S Ijj) ^wC jl 6jJLa_t-^ 6j-*-il ClutS (J_A» I^^JLlf_ «-»j ( £j _caJl 

^jl )) :<JjLs ^JlLjL^LS < L^Jlj-i-u t_-XJi_<-u ^j£. Jj qll ^juLIjIj 

f 1 jj)^C dul^ 1 jl ^_cu^fl ^j-a s _$-£J-> V ^)_a^I 

•jil 1 ^ 1 \ U. 1 J .((JUw <_>! ^ 1c. jn\a_J 1 

jla CJJ-ll Li^l^-a dul^ I^Ls tiiVi 1 q \aC. 


^,-<1^ > 1 ..^ I j^jJ! L 1 ,.j" a 

90 
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: J^lsu jLa^VI 
^o^UI aiJ 
Ok I ^a.)fl j <_UaJI 
^Jl iULxJI 3 i^.,^11 
^ jUt^ri ajuai 
3.^'iU CjL>^ jJI 
.jaJLxJ! 


4_u^aUI 4_uxi 4lXI (^j^a jLxt^Ll laxxi^ltl jl 
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4^aLaJ| 4 L 1 ij^lxJI jj.urJl ^-K-xj j^a 4_LaJI £|j^VI ^ r> 

I jb jj_Hi.LJI \ JL^u%t LS J) £jHI d_laa 

^-j^rAy I J^aJI j^a £&jj-ui ( JJjlHI aid 4—LaJ^. ^Jl 4_ijt^JI 
- jja^a Jsl ^ls. - (jxiLJI a&L-alio jl <L5 JLaJI j^lxJI J^bJ 
. j^l «Ldt l5 J& Lclo J^bi Ijj^ Sjjlz. &n*ur> ^ pUJI c5 ifc 
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jjS^I oLulsJI ja IJ^bl jUtI ^1 Jj^s^JI simpler organisms <kwi.tll c^UxAa."^!! js^u) 

.(5jS_La dlijj 2 juijj-u : j £a ijj-u jilSLi SjbaJI 3>u.^J,| kjjlaJI Oki ) 4ini jal^Cj <(|j 


( 4 a. y \bll ^ <j>uujJLi) ^aaJI J^bJ 4 ,l^ttJi.l jjkaJI ▼ 


/^M 

1 

V \S / 

1 jji^JI Cilj 3^^aJ^I 
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^daJt-a dJ-tLaa I jll l a < m \ _du 4_La J^juA s 

$ 

LLj^IA. ^-jlo^j j^LulII I jllj s<_uLs Lal < i cj LdIAJi 

L^LA <J_t i < 1 A i < 1 ^£jJ& 11AJI J J) 1 A. 11 Aa^LAj jJloIJI ^1 

L5 _ciQi)fl i*AJI jl <the reproductive lineage J i i,l Vi II 
Aaj ScjLa^lj^jJIj hjli\ cAI jp^IL J_jlojlj LA germ line 


^_S_julLJI jaJLsJI JjlS ^j-a 6 j _a j_adJI I J_A c-L^JLJ 

(J a7iC £_culjdl ^j^jLII ^-3 <d) La_CUJ IJ .A> _Wl 

*llLJu ^jJLJ ^-aLo^j— ljj I Jj-L^Jl L_s 

4jjJAj d)VI 1 ^ dc ^lLa .s ^1 <<_jLAfl dd jAic.Ij . 1977 ^.Lc 
the disposable soma glul miVI (jSGu ^jJI j <<i^II 

<A.j)^. i a Vi u<xn ju<i^ I jjlxj ILaj_<_L ^ aA G < theory 

.^j_dl L^Ia-vLA <jl^>JI ^ 


4jlLc LA „u tu\ 


^dl ^lAjdL (A _J a .A 4 1 ^_Lc Aj^lajJI ^_ Q-& ^J\ a \ 

a^jXI ol uA x U lj L>*^LAJI l ^ I qLj11 

Lr l^ ^LLJl L^jJjU^ Jo_>_<_u ^_a complex organisms 

A f^l^-oll i_uLi <■ Q l~ 11 ^A^JIJl l 1 \*\ l A H Q . SLl^JI JjlS 


i_SlIjui^ <DNA LGjJI ^_£ d-il^Jd-a^ C -51 ^ 

jAd 1 <jdL*dl — 6^2cdl CJ Lol-LxajL^J I ^2k_^£ji^ < dli LiG J^id I 


Why We Age As We Do (*) 


4 -aj^Lll <^LUJ 1 J_d^jd 1 _A^)Jl^_ajjlaj L$_> aLul^JsI <juudl 

^L^IAJI <Ju_uL_u^fl 4 _LaL*dl d^L^ALI) O lljdjjjjJ I £-Ju-od 
. L^lAJJ d^LjALI ^ b> i A'iYs j 

CJ^-a3 ,^w ^j_a L^_jLaj^. 4 _A^j JJLj^ 


_txJ <j>jl^JI 4 -jL^jJI ^IIG L^_j^_a_jj . I_i^lAJl 

6jjla < d^. ^jl^aljLS _<_aJI I ^ Ja!I 

5J_nd a n _<_u I LJ 6 1 f_ 

^j) Q ^ La — 1 A > -"d a < 1 \M A II a. 1 « <t a\l 4 I , a 

(1 KxV. I (1 G I , aJULJ I CJ^. ~ <JU_U <JLJ n I 


* * 




sLl^. 

^j-lc — JLMA. (jGiJlJ <6j^J-a 4—£-jA.-^. CjjII dj[ 

LajAcj . J J) 1A11 La <5-dlAJ-a 4\ x^lA. _ 

IAa J-afsji <_u L^Adl 6J-A A-° ^d£ IJ J.C <cJjU)j Cj J 2 G 

dll l»il Ja££ IjJfej <J^-G_call ^dl <ia^Jj ^JjiAdl ItlAJI 

-ami J^a {ja dJ J_ui\ A"° J 4 jlL^. j) y. Aj . Jl_LLa I 


JLLU^I jJj-> <jG (j-°J 'L5^“ — ^ jl <J(^JLa 4,ila> 

.jj-a^fl j-alcaj Id^-Aj UJ^dJ 

j \ A^-aa JslLs ^joud a^^ d^dJI Ji^ a nil » ^ auA ^ ^JlLI 

^j-a "soma” (( J_t a 11)) jl <^jIa!I Lxa,_ujua. 

(£j i c.y i aa _La jjIaii LcAji Jj <<_uij(jji ^jlc l^laji 

Lr allj ^jdl the cellular lineage 1_i*^LAJI is—A. A I < nlml 

c^AJI <<A.^A-i—cidl ^ ^ ^j^II ^aUI J-Aal *j . I4JI 
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^ ^oojCaJI 4oSljJj LMoJI t.4auA <^Jjj 

-f £UcJI 

.^jot-L u JI ,jj_u i _ s Jljo. ^ jL^duJb <JatCJI jjj^J j*j!iUI CiSjJI I Cjll Ul 1 j-u os 

-• jllixJI 

j .j^jlII Qiitfj J $I ^ 4j_»^ aJI pLuJuVI ^5-lt ja£jUI 4a^xuo loxi 

LaS i^jo-LojU 4-u-uLu^ll j-»jaj < 4 Li3jJI Jjj-olijJI 4 jJj 5jj3 J4 j <Ol\i». uull 
.4£J ^H pLlujVI 4la^M-3 111J CiiLaJI f- JjCJI 4aJjJI ^-lc 5jJ&JI 


[4o4 jijIsui] 

4*OjllXI jfc ^ ^ J ^ '‘I* IujLU V-4v4 

jOLxa 6 ja CjJoo ^ ^ J ^ * 1: ~‘ 11 jti ^CxluCI jxxoJI jL.lla uAJjXI 4ai^kaj 
£jJs 3 £oj .^Mus^l (j^ aJ—ca. ajl^ ^ ^U_JI J jjLSLUI (jo 4-LusliiXI Lj—uao. L5 i£ 
CjLIjjoJI £-00 4oj3 l ^jJI 4aoSJI jli < jLu-uoJI ^ 4§lbJla jIj^I <Lajjjoo 

LMo jjL_uj ^_Lc s-UL^I j£ Lu*i jljjJ.L» j.\Vi CgClLuo j Cal— <Cuj-JIj 4_i^1X1 

<dLljJ 4 ^ >T >j i.L\^ 41 La. <lC jjCj O^L-uajJIj ^Usudlj j_JoJI J_la <j—uaoJI 

jl ^_<-uoJI SJ^o.1 Jo.1 JUlfcLa <LaLgCJI ^ o-oualaj < j^jJI £■« ciUll j*£ljla 

.alijJI CaJoo (£%u3l)f I jo. jjj-oUl jjl VL Lajlcj .o jjC 


- 

j-»jxiixJI (jo La 41X1 ^ 40 jl j4o \ (j^i&xlll l5 _1c (j ^o4Jl S jjaJI Jal 

.joaJI j^ joLaUI^ 


odiUI 


jo Lj <41X1 ^ 25 jlj4o ^-LAc j^o Jj_> pllil o-L4JI oLJ jjo Jjj 

. jooxxiJI^ 4uoloJIj jjjj-uxJl 


-. Calj2AJI oiLajLoat 

^04 ^lc <oljJiJI jo L J^ajj ^^jJI 4joliiu-aVI <-4>ijLoJdl ^lc IniuAll j5Lo 
jl <tJ-»jLAiJI jl jl ^1 ^A4i jl <ol jIuj 

.oLocVI i _ 5 -Lc ^aJSXJ ■ "■ .4 I lajuoJL <1^41 j OljMJl 

_. ^a^di 

4uoLJI jj-u ^ l^JMol Jjjo ,^-Lc SjLjJI ^ ^UaxJI j^ ^!4aVI j44 Jjjlo 
. jolnJI ^ILol jxn Jjlro g-Lalll ^jJ JjaXI IlA ^jLaljj <LojJj jLMUl^ 

-. JodIAU 

4aJl jJI 44JjJI 4 aKcV 1 Jjol ^ jOuJI ^ic 5jjllXI alijoJI uunn 

jJVI j^iLla . LLju l^.<Axii ^LLaJI dlllol 4ijLll ^1 Lo ‘JtoliiXI 
.(jAIj^^fl j^ <>jji. jl osteoarthritis (^-ftkxll JL^idl) J^=.laiL Cjjo. Jlo. 

-* 

4aj-»jjJI CjLLuoJI Sf-lsl J4 j Lajlc (JIjj) J^jVI ^ SjjjVI ^-4lVi 

^Jijj i _ r Lc £.liu^U) cJ-HJI OL jjua tjA 4a ijjLs Jl jil ( Jil.Vi ^JJI S j-JuoJI 
,^11 JjJI CjVL^- 1 j^L»j .^ajJl £Ary'\ ^1 dJj (^jJ-»J <(ol4JI ^=o ,^-11 ^jJI 

Ojjo, ^1 <SjjLUI O^LaJl (jAxa ^jj4JI ^1 ^A4‘i jl 4ajSlXI 

. iSLjoJI JJ^l CjUaJo, 


jXcuoJI 4lLbJ) joiuLL 4.i4▼ 



^ 1c. 6j^ail 4_ul jJI ^Jl tc-LUA.^1 ^ a JJjlJ 4_Ujl^ 

^j-a ^ lc- I_I jflj <<_)j)lA II l^o-alojl 4 jLloo 

. <_i_u_2 IjlI I ^j_a 6^j-aJu_uLa CaljsjJ J^Lo. ^j_a 4_aJu_aoJI L^olU-^. I 

VI jl j£.U 6jlc 4 _J^Jl 1I jjljlj) II ^I^jI cjl ^^ 

^j-a-a JoAS lj V| 4, a A ^jJ I ^oJoj _uii V 4o | 

JLjLooJI LV-^JI ^jl_S <dJjS .6 Jjlo. 4_ is~i s 




lilo--^. !4_t-oLVI 4_alLa 3^ jl J£.U I_ ^j^.IjljI 

Jj^. 1 ^j-a 4_ajLt-o CjU l^)_2a.V 4, i A I L J_o.l^)_a ^_xAoj 

.Sj^oJI 4 1 \ U1I Cal i A i^jlII 6JJoIa_<_u-a <6jjoJI ^iooJI 

<<_uLijJ| (J^.ljJ.1 6jJfc £-Jloo. ^ja * LUlA. 1 Calls I I jl < lj_a_o. I j 

How Aging Stems From Trade-Offs (*) 


caJI dal A \ <<>^11 ^_(_alo 4 CjjJl1I — Jc.LajJI ^_Lc. 

^ Jjlsl 4 -ojUJIj t LMiJI cjlj^ j—aJ-olj free radicals 

4jl1jloJI CaLai wII ^o_oj ^.I^J ^1 ^ H J-ojlAJij . j> \ dllj 

^iJI 4 jl1jjj^JI 4_JVI ^-a_ala ^J_a ^ L»_a ^ooj < I ^_ILa_o.^Ia^ 

^_aj • JI a\ 11 Ca. ^-Ld V Jj^GJIo I ^ \\ I <j(j-aVI 6J-A (JjIojo 


^ Lll 




(jl-4 ‘uL 




a Ca La Cold I 6CA Co. I 


. Ico. ^jxi_AC-a f-^juu ( LlaV I Joodl 4 I < < 111 11 

<<, k\"\ 11 J Caoo ^jlj-aj_<_uL J-oaI 4jloJI I_aV-~oll ^jl 

. J 1^0- VI ^j-a Jloo 4-aj) is^iA a jw<nl ^_CjLoV I JooJI 4 I a n I a nj 


4 -v C\\K ^_<CjljLaVI JaoJI 5J 


a- LaC a.CC . 
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Lo ^ Ic. laA-S VI I Vj LAjJI ^_Lc <jl3LjljlLi jJlC 6jjA_» 

LplAj oVj-a_a ^jl ^jlS-oj <^c_i- lIu V IjuU^Jl I ^j-o ^Jjoj 

<^11Ajl!I ^J_c LpjjA jAl Vj ^)-oJeJI I_$_ajAl £_a J_Tp V 

Jl^. -U Jp J—alA J-<_op ^Loj) Js. clUjA 6j jlA LJ J—j 

£-Ll 3 Jl <_2 J-t-oJLj C^ahAl I jl L^Jlo 6jjJlj-oJI Llia_Jail ^J-O 

J \ ^ 11 I jJ I < ) 1 1 * n 11 jjuj \ ( 4laLt_u_J . 6^ \3t ±S*> 

. Laj> ut\ germ cells 4 \ t nUilV) L^lAJI JlAl 

L>J3t un^i (jxuJj JA ^-CuIjljVI I^lAJI jaJulU t ellj-Jj 

< l^J 5aJ> £-AjJ CjJ^ L>° SlpJL 6 J_^Jj IjJ-p JA j-OJu-al ^jl 
.^jxil^ILal ji <_>L^I a ^ 4A ^-143 *J L 

-UlAJI LilAJI SjjjlIII oil!J) ^ 11 *>.Aa ^ ^_a 4_j| VI 

^j-c (jiuL^ <5 jJ_ojLajJI A a nWl ^_a JALa ^_ lLIjljVI 

C-UJjlll <J-° -La-olll I j_A ^CJlLiiJ . O Li-ApJ Ij <J^JlU CjI _j| J)\^.ll 

Jjklll jc-Jjll J_ a£. — <_ioajAJI _la ^jl J-*_> <6j_*oA I_J Ja 

<bju-OL£- Li^LA 1 ^ <1 is*>J-i i.s~\ AW 1 ^p.VI L>V A. 11 — JJaJI 

^-ol! oJJLa-a Lo_o dl IJ jJl£.J Li^LA J I A \\ j I 


<AVlll 


Cjl 


A> J-ll 




. (V) 


CiSjXI l ax H.1 


SJjlslj ^lj^ <(J-<xaJI ^j-t-uAlJ ^j| LjlA 6^)LJjVI j, 

L&j-a£. oLlaAlSLJlII <Aj)^w ^ t'i'i \ jixjLi Lc ^jLJjU (^jJsl 

l-Ajijj c 2> £ - ^IjVaJI ^-lAA j(j-s_9 .£_^,>^1 

^Jl (JS L-AjI j ~y ^ \ ‘^^Jl 6^)Ju_<jUi (JLo^ji <_ul 

4jtj^la_<_u I l_AJ_^j| JJLJ CJjll 1 ^ ^ jj < Jj)lAJI 

.^JllJI (Jjl^JI ^Jl ^LnVI JaAJI (JVA 

( ^LbXI ^ 4 jl4jXI JjLu 

LV-AJI 6J_A ULl-^A ^| ^_^o_> ^^jJI 6J_II I_o <(jjl 

Uj 111 ^J\ a \ ^_^JI 6j-ll Lc ‘^>A.1 S4 a^->a^AJlII 


[ w^>a \£\\ 


(g ) ^Jl <ju_ojJL — ^UVI J)\x'V\ sLaLl^a ^i ^^A.VI <uA^-ll 
1^ >lj l5 A!I A,\\\\ 1 1 ol JjJ^jlIL J-^A J-2b. ^1 — l/-a_o —j 
^ lc ^LLiVJ <-ajV-ll ^ll-A-ll < S lAl \ I jAj 6jjlAi ^llAl lAlLcuJI 

. Jxn^ll uU^JI ^1 jVl 

natural 3 jjlu1sJI qLuAjlUI ifjAAl o>A < jja^ 

cjj)^J l c-u_<-oj IAj_coj 6 j\* * is~> jl_o^1 ^s organisms 

JjlLsj .<_»L*_IJ A \\ \\ ^^jJI J)\ _ill 

cJ^J ^^ J-^ u' —<-<. 


U^>) 


Ultimate Trade-Offs (*) 

• ^iukll oLaia-i^iVI jl (^) 
complex organism (r) 



f&ss Jl ^jA.natural selection < i ihll ^LJolVI ojA 

<^_CuljtjVI AaJI <J_mini j_o_J ^c_L-^VI f^lLpJI 

.U£LuA\ JLpVI Jl 

IJijj <<JpLlLj .g> jl—Ail LoAj 

J^a ^ (J>oyUn^ ^_ol ^ | < lA^jLA. LJV-a£. J n i Lc ( JI 
wn' <Jl t-oll j Ji A — <_^Alll iaAj^jJI — 1 -V.^IJ <jl1A. ^j-o 

.4_»LpV L Jl SLlsJL J_iajLcJI jAUin <6j_ lLLloj 

jAaj 6 j£.lAJI J Ja_s (<A.J) ^ ^ A Vi II ojLjlA ^jl < j-<iVI £-Alj 

— Jill) Jjui au ^J^- — cJll^-s. LVaJI 1 j j-alll oLu-AlajlII 

^AALjj <_»jjlII ^Liil ^^ ^jti \* \ ^AJI hydra IjAi^JI 
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SaJb-Ll ■ jjlcLi <L»jjVI (jrt* \ ^ ^2a ai : j.AxJI J^Is^ ^ \ II 

iS l£. iaSL^i dJjaij ‘jaliaJI jc a*aaa >j < Lga^^ltaal j vbalb jJI 3_iLx^a ~' jljaXI 4i£ Jaau 
jl j jadl^ jlaadlJ olajJI Cxaabjl aSj . J^bl SaX jS^aiaJI e-Lbfcl 4,-w^ 

dajLLa L&jLacI bu-ujLa Jaba calories (bjl jaJI cjlja-cJI) cjLj^Jtflll JM(p< <il *<3"* 

jLS I jl La jju ^jjbua jSJj .(^LaaJI ^uj ijJI) 4 nh 4aj£.1 Jjlaaa jjJI Calal J' ^ 11 * 
. jLuia^l ^ MjL^uI IJjl 6>U \I n oljJU_u.ll JaJJaJj 

obi j-l^JI j^s. J-dsu oilijjJLSJI -UJod v 


[SdJd^. 4-iJjl Jl S jIuj I] 


"’Siib.j > > < ■ 11 plbul l *« *«< * * JjS 

biLxaVI (jA-^Vi ji jSJj . jl—uojyi jj_J 4_b.11 y-Lkul <u±i£ ciij—su j_a j _^,^j V 
dM^uxil) oU^IujVI ^ JljJsl jdju jli .j-ajdl J_ibu <bjji jfc <LlujLujVI 4-LajjbVI 

^ <(jui jJ!<J^ yi^ JSLujJt) Cibl^ jj| jidl «L»lujj 6 jaj (<jdlbJI 

.(ZbUU/ <LrJLurdt ^J) <bjhtt ( l bUbJI djiuj ^ jjkl jl^ jbJj jl jSbLA j^ 


dLiaJI jobuxijla 


j*£. S±A 

4-bjb 


3dUaJI ^y\ Vi oJ-L ujI jjjj ubjjjliJI Jjba -UJod A 


jlbaJI ja) pljjdl JaJia 

^■JLliKII ja %50 ^1 %30 

CabjjJbll (jAaabJI JjLaaJI 

Obj^JbJI JjLu ju3 JWI _ 


«' j ^ i 1 

Jj^dil) 

(%50 ja jaSl 


W^^BbbUI Jllll 

JjatXI j£ Obj^JbJI 
j^jdl Jaba L$ at_iabJI 


JJSa <^abl ^ JSdia 
ja jaabUI jlaj^aJI 
SLaaxJI 3±a ja ^LxbJI 


CjJ _LI CjVLojL^. 1 l^J J _ Q-^b <1 nil Cj _I j| 

jjJI ELl 2 ^ jl _ oj! | j^o Lc I . jjLc ^ 

Lr t^xlll <^ 11 jI ^Jl <l> uL-uVI ^ genome ^^.ii^JI 
.<bl 6jlLa JjjxAc. ^_S jjl^jJI j^o 4 nSib (Lu.^ 

j\,Ait^ll (Jd^J ( L^bl^ Ujjd ^JL^. iSLi^JI (J^.1 j-o LjAi 

^jxuJ A <1^.11 ^j| <J^.I Jj-S ^J-Sj . Ll^. ^ Ll.JJ ( j_jlLuu_oj La ^j-OlSI 

4jl^.LLJI JajJLa-oJI Cu-^b ■ 6L11 Lul j <CjJ oil L^-CjJLC 

£_taij <JL 2 iJI J^lj Wl _ XJUlLJI ^ lUj V I <_ lLoJl! 

<^^jJI jxl jjJ ^| <j jl^jJI J j-Alll L^l jloU (_xjl CjLjJj I 

<ia^\ a Vi 11 JjdJ <dU j ^-Lcj . d_i^U ^Aa_j J ao. ^ L_s jj_o 

>! 

^Lljj^JI Jl^iii t ^L\^i &Ll^JI JjLj ^jjjLc ^ _^lj-^ ^ \ \&c. 

. L^LkJI oLaLj <_>jLall 

SldjJI J-C^ L ^ (^_ 5 ^J-l ^ j-i V <dUd ^ 5 -^ ^Luj 

^-L. <JUL»_c CjLul^. 6jdd j-U-7aJ 6jjljlil <Jj^l j^Jj .iiJ_i 
L-LtaaJ^I ( CdL ljljLAJI ^_Sj . 1 ^ aVi \* 's ^dJI SjjLLlI JjL jjdGJI 
Lo^jjLsdi ^1 _jlj I .M> j <Jx3_^T> (j_ 

cjLl^JI j_ 2 ^I jJI nematode worms ^_idi iaJI jxaaJI 

^d^.1 d)ljb^.LJI ^jiL 1 dd j .j-cjlII <JILI 6jdiJI old 

Can We Slow Aging? (*) 
disposable soma theory o 


L^_jjddJ ^jl_j-ioii ^lulsL&^JI L)j^ ^_i^L 

6 ddjlJ-LIJ <<a] 5 Lq ill tajLC d t <<^.11 ^LLiVI d)l 

_call isLUl 4 jlo^ ^JLa^.L \x"w LojlS j . 6 dL»JI ^ _ 2 

^Jl >„u^dJ d)L J <J)^ ^II _<_u_> dd 1 ^ \& ( I uaj_> 

IdJLSLJj . jal^dJI ^J| (jjdtj ^J j II -LI_Jalll 

<J^—da ^_Lc iilLJI ^j-c ^d—i ,dlJj JS^-C 
dlL-Aj .iuldiLI djlj_LI >dj caL^j^f L_ca^b 

^L 4 jj ^ x^aV ^dJI CjI_lLIjLII Jj-TV-l (Jju caJ 

6 d-A j)-o <—J-^d-iJ < 1 dds . ^ XAa d 1 61 (j-° ^LaL _ 2 

j-aj_coil ^LJL <a 1 ajLLI cjLul^JI code djljll 

1 \ Lo^ . 4 ji <_uL_u^fl CaLlaj-^JI l_AjJiCj Cj Ljuu jij-i-LI 

cjLJI ^_Aj icbLLkjJI caL-ij^. j^-l ^L>t>- 

.<dUJI Jl Uld 

^LJlL-u^I j^u ^dJI d Mt^ll ijijlaj JG llAj 
d^-^f ^-jL-^ ^jL-aj) : Jllll ^L^-jJI 5 -ijIajJI ^-AaiuOJlJ 
( 2 ) 1-2 — JLlII (JjLJU-U (J^- * ^ jl SjLu-U — <JLCjjJ| CdUGllI 

(jxuJj << xA ^LLo <jlLx£- 1 6 jjLjlLI <jl^JI Jjb^fl ^_Lc 

< d-i^fl Jl <JL^. <vlijJI I (j-^ J-GlL-UJl! Hj_ Ju ^dJ I ^ ^ L- 
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< 1 ( 31 n4‘< 4aJldJI 3_JdJI 
ji Ait 11 3 : ~' y ^(3*<h j 



3 '•» ' 'UII j_ii Lt^LaJI jjldij 

jl jSb»J JiLilJib jja 

jUsj^u ^1 Jjbki 



a u a 3-v/m 3 < I A. 


LfijLiuj 4ala 
j-u^. ^Lu.l<l>V Sja&Ljj 



dnji 



jl ^"'Wl j^ Oaajl 3ala 


^ i < Ti Jj_obua ^- 

£^bdb JjaJJ jL-uXI <- 

j^ '3 -k j-k <, r. 11 pLLaj^f <Sj-iJ-i. <_j_lIL_u 1 ji jV‘<- ■■ : 4 111t II 4-ibsJI g-lAuj 
iS l£. LiMidl aaA j*aau La IjdiSj .3_>jh» t.l LMaJI J^LxUI <Uau£ ( a_bu JMA 
Lgdla <dJa ^ cUba I ala .apoptosis LS o<bi 4olaa. ^ jladj^l 

3JLs. ^ Jba3 ji <2_uLbjjuj ^Jl Jj ^"'"'j KuA'iX) j-ii. jjbjJL ia-u aa 
j^j .(f-lajioJI CiljbuXI) Jjlioj v jAlj Joadb jaL-lu Cu.^. j^ 

^lc I (3 'i^j j] jbdij^l fjA 3_L>_L*JI LaMiJI alaul jta <3_»jlfljJI 3oaLill 

j-ii jb^l (ja g-LAc.^1 ^l^_i jl jSb» <(3_dlaj^dl Caljboil) Lfibus ^1 L^lijjt 
aaA jl n-M j^ 5jSoa J^.1 jus ^ jjiabJI Jl jbj .3 H*t,l LMbLI Lgoa ojfc^XI 
.Sa-»Ja 3 -l^Mc <bjai ^Jl jjabu Lgib jjlab ^jJI <CaVLu.^l 


t a^ViII (jj-sJI^ dalljLiilj JjJLJ SjjJLa 6 ^jJl 3 jJLo 

< jLjlJlII JaaLi J_ aII) ojjL^JlII dalal <1 _»Jjlj I 

e_a^Laj cuVI J-iJJLjJ I jJ_u < 1 6j-oj • L&jLo£. I JoLlS 

(Jj-lUl <oJsijjl 1 I ^jI^IaII ^ji dLlj ‘a k[\W ^l^i JIjjI 

4 _aLu-oJI < r\Jo\I ial_ Joj ^y& Jb£- I J S-ll 

^jljp 11 ^jl —Ij^fl <i^jll I— yj£- jb-iLj j—£j 

— (J^l £j _ ljUlA j — j^JlS I <^IU J J-U dll 

CaLcLdsI CaLijI (jl ^£-3 dlxVi^f <JL^. dI J .<aljLui 
^Jl Jju-Iu ^iJI cJla-AJ < <juu_u CjLij I 

* 2 LLJ ^Jl CjL^LJ .1 f. 1 jlj I CaLal J 11 \ ^ 

^_ 2 ^j <Uialil I_Jju-s 2 >^ ^ f*j, ~y Jja^la dl_lj-H J 




MjbuiVlj jl^aJI jfc 

<=1_a^LsJI <Ja-s.^Lc cj 




j_Al 


t> odl dlLIj calories ) Ql^j x t nil) OLSJI 

LT^ Cj^ii .jxJ^jLo£.| dUal ^_3 J/jl£.|jJI (jjjLllI 6ijuLal 
fljuJI d_call Li I jL^k. <LSjl»_aA dJVl 6 J-A 4 jJL »_3 ^j| <_tsL^^Lo 

of Mice And Men (*) 
the insulin-signaling pathway (\) 


JU=1 Cx^ age-1 (d— j*3lxJ!)) ^—<_ul cal^^L 

j dll j j_loj .<jlLI ^-3 40 jl J 3-0 i j-ojJI Ja_<_u jjLc 

Ca l\ \ ^ 11 IJJC Calj Tv All J s JJeJI ^_2 ^jJjb^LJI 

dal^jALa <__3^jA_i _ijJI j^\C 6bLi^j ^ 1c 311 dal J 

<4^lill 5-iLij du>jl^ya CaLaljJ^ ^-3 I_ lSjlc 

<_i^A Vi i <iVI ^aJLa <^_cJlU <iakil da \\ \ ^ 11 jxlsJt-cj 

<LajUij ^|j| ^_a dalLJJ <Lcl<.L^kJ>_ oj! t-ajJ_ i—U I _ i-g^JJ 

j£J jj daljUL^JI 6J-A ^jl ^jjI^LJI Lc Ijju^j .<_ij_4-uaaJI 

1 * 1 - 1 VI CjIjI—<- ot> CjIjL-ujVI ^ IjjJ 

^UaJu-uLi ^jl j-iwb ^.J .c_a^Laji cuVI ^ JA n ^ 

(Jjj^JLII (j Leal I lj_A ^jlI! 4 xx A^aJj da ^LcLalJI 4 I a n L <i 

(jC. <JJJ_call j£ja^.^l daljJL^JI _a dallil Jal_ looJ ^LlsJI 

laLbdLi 4 _s1ajLLI <6J_Axil dal^jU-dl 

j-oxJI dlLal jJJLi (j o^fl 2^1 j j . L^a^-iLc^lj I _ i^Lidl 

^-Q-^ca ^JlI! _caAa da LlLixJ I IjjljJu < J s J-^jJla ( _v 

.i_LLJI ^^I^j ji-cuadl 

oj^^Lsj _cuVI JbXaa dJj^k3 jA^jlil p.|jjl!I 4jlgS ^jl^ <dllj^ 

^ sl aTm^I <4Jl1LJI 4 loA jll jjulII .^jl A^3\ILi jl 6jlajJla 
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-CxjlWIj oLjjpJI jJUkS JA*-J j)j_aAVI 


^ LT^ 

j*.AAj £-G jj, i. A 11 <jLJA jJI ^_Lcj <<_ol_C <1 3, is\ >j 

L&jJlC L^}LA1I (jA« 1 ^-3 LU_i| <JaXx_J <b|j <J_ oJlJI 

<_jL-<^I (jLa _uA^fl 4 -fllVt I 6*1 _3^ ^A-o ^A. IaI_ojl£-I^ 

6 J <-tl CjJ 1 VVl ^jl S J < LSI J u’lC Qj.vi <<nita <1 JA ^ l 

.<LlAj ~S. ( t) 11 _ JjlLc jjf\"\ \ A ljf\^ JJ 11 

( oS^3~ a - i 3 *lAj)^ \ t Till jvfl \ \ *-Ai £-jlo^JI_ 3 <dilj ^A 
^Jl JjlSGJI ^j-a IjJj-c ^_AAj La J < I jJl^ t 3 h'■yj Cal_JVI 

Aj ljj AAtvj ^.\ j^-oLsj-s 4 *\. \ Y\ I _UjQJ V 3A JJ^wJ_ All <j) 

<jlsI^ (J i x^Ui jX^_S Jpl <j-° La I . SlijJlj ^jA>^ i^\ I_ 


-cullc 


eJjJ_ <_uLj JAaIJI s (ilUL-yj f<Av 


^-3 <JL£. LaLaJ lA_IjA- 1 g-^-Uxll IA^IaI _<_ul jA-S-x ^)| A-Xza* 

. <JL^AI I^Ju_uV I 6A-& L$-Jl 3 dUjp* ^aJI oLuAajLII 

L&jLAil _AoI jxl*JI <1_lUal <J_<a^fl ^Alj ^ 

£aA$-3 .^I^jAIIj c_jl—.>A-llj ^jIajaJI j —jI (jAan <^-3 ^—*-3 

A-ll \ < C <_>J^ 1^. <_ oLljI 4_* ^JLOJLA Lu <CjI _j| 

L^Mil a ol ^-S ^ Ai11 ^cA ^-LuaI L^aJ <^LLaVI <jlj^_<_uj 

. V^.11 Aj^tsJI ^jJuLI 1 X \ \ ^J-SG-ll ^c_0_<_u_i Ujlujb 

^>.ka ^ AJ-Ai — Jllil JjLj_ ljj ^ 1c. — <jlLLJI jl j-i jJI 

Cj<_Joj Cj I^aL AJlJ ^)_OJlJI J^Ls ^jl_ JjQ <_ -iAjil jlSVI 

LaJ^ Ja^JLj-Ail a Vi ^1 Lb^-OJ ^_j_iJJLJ ^jl J_»jJJ ^c-JUUlI 

< <> Jts~i \ — \ \a (_^ 1 ]r\~\ \ <<£\J \C- <jjLi 1^_uA Cj^^j 


<LiiAJI ^j_o p-UqjI jl JILjI c w<n 

^jlkcAl <_ sjljlLJI 1 , nlc J/ALl2 

ls-'I b? t5>*— txJ -° tA es^' 

l ^*S I Jj L.^ ^lll ujjjlsJI JJ£- .<AJ^>. \ A Vi II 

S l^JL IL^J j I j-OJi <_u^f I ^h-lAJ I j-^-3LJ Jj | J LS 

I (JjlS ^jl ^LTV-a <—LixJI LlilAJI Jj-o 

lj|j S^jAjJsl j_a11Lc <^l s^\ _sl£ 

J\<) A ,Xr St 1 (jAstJ <JLoJfc1 ^_Lc lli^ l jiUaf c^A jAj a VJ ) 6JAXUJLO ^ Jl) diljJ ^1 £ An 

f UJI ^3^11 <aJI C> <L ^ U <f1 ' J T^ JI ^ L ^ — 

Sji.aiJU <,£s" c-J&lo*j >* ‘O^^' (^ 

JjjjlIi U. -T.1 I \^C J3 <<Time 0f 0ur Lives: The A ^ 



Thomas Kirkwood 


^ lc- jj)A 11 <i_L^Ja cj^L^^j ^LUI — <_Ljjlc 

iJL^. <-i) . (J aA^I <ji ui \a a uAj^Ja 

A111 tfl a-u-Sb <bj)jJsL jAoIS V j_<JluJI 
^LVI jAaj CIjJ-A i ^jl ^JLJUlLJI . L_S*^Ala_al 

c>° ^ 

J\ C L^ j^VI . LjLiaI f LkJI ^ 

— - 2 JI ol^Ji-<-<J — Cj -ij 


±jL^_sl lAJj& 


^6- 


J^.1 L 


(jjJlj Science of Human Aging» 

-ajAxnl CjLJ^fl jA> s ~jjg 


^ Ax_y-4^5 4 r\ f- , I 4 /-s N 4 /\<^ 

Xj T U! fejtlJI J^f<yo 4jg ' 

^ . w I jjl j^aJL j >.'4j . a h 11 ^| j lUi l «Chance, Development and ^jLS ^J n- > ^ o<S~'' n (j^ ctJLiAj 

Xy,<n jM^ II l c: , ,,,- ^-IIJtl ...A\ (<u^-c>XjLju,) Aging» 0>0 «UjLocI<JjUI v LaJlj 

** L&M <jJllJ 4jJ (_gjJI „ . . ,4| . <, . . *1111 

Jj> <Lr U)jdl^)U U-^j£ ai^bl&uiKjJjictu ^ ^ 

^J) All I j-A I La^_s f. LoJjlJI (g\j J ^3 t-jj-L-ul Jj'CJil / <1jJ/j CxSjJI ^5-^ba ^—IL^. i MJ 1 jaAljH c-U <-oj CjJ^bi 

apoptosis (juj-xiu^aL L.lc. j ajjLjj Uj ^1 1 j—,_a^JI uAjILj <i—A ^ 




L3.Jl "4 I i 't'rj SjybjJ bjjjjJ^. 

isLujI ^yit iLJj Jloj <J-uasI (jl L 


pf ^ LiJjl ' jl ‘f-^ 5 6—°j 


<<Ju_ail _ <-ulWI L^LJI jLAuI (JjXaa < I J_A 




“ J-° 


^ <_Ajl<L- 






_x_a_> La 


J-oJLJ L^UJI j 1 \ 1 ^1 ^Vl ^ _Lsb I_ \ \\ 

<_>l 1 L^lAJI ^j-o ((^jS^fl)) j-co^JI <_>l a oLJI 

^cLoJu-a^. Cj^A^v iA — 4juiJjua <LLa-OlJ — I ^ A \ ^"\ 11 

,<jljIL^_<_u L^lA ^Jl cJ^Aa ^IaJI L^lAll dlL L^^-ol^j 
f<ju_ail LAc^fl ^_s i JAtiu L^LaII jLaIjI a 
^ j_o jAAU caaAjjlj I aL^IA 


— LAc (jotAj . ^p. i ( j^L La (iii \ 11 I aLl-3 

J^JJ <Aaj <L_cuj jL^j) jlJI _x^All 

LT 3 * 3-hJl dilj f6^)L_<jL<a ^jiAc jl lAIjlII 

lAa^JI I aa Jjlajj .^Aj-Uj j^s.a IIj <_ALii^JI ^1 iil^All 

Aj)^ p ^pL-Aa ^Jl j CJjj t^_^_ slJI qLaAIJI A I 

. oL-olx-oAaII x ^ ll -s. ^ ' oL^j^fl 


(*); 


( 4 1^ m i oLAl A-Afe^j V 


.jSjjSJI 31 H <_»lJJ c 

(aJAl) 


No Simple Answers (*) 
4 ^.Ix. t»_aJl j-'-A A“lx — ^.^L_aJI <ai£. — £\JJ (>) 


A J . 6AA3LX <A_All 4 jlLolC ^j| 

aUa^ ‘ a ^ a nWlj L^LaII ^Jl cjLjjpJI ^j_o <oLj)"u<tlI ^ 
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I ^idi.) (J-ojlJI c— ilUj jlj 


A d s 


JJjGLa Jjj* 

A. i ** 4 1 4 i /A 1 »j 1 | ^ <1 4 J 4^1 1 r. l > rt <f\- I I ^ < 1 4 4 4^ ^ I I 1 4 ^ ^ J ^ 4 4 I f 


<jJI cy! I _a ^_d ^ I ui-d_<-ul i_ilil Ld ((_jj_ ^jLJI 

Lai . <jl^>J1 Li^Ldll ^ _a dill) xs~*\ 1 <jjUkll cj) j_*-11 

\c. ^L_S 4 L " J U 1 All Y^ ^f 1 & ^JjLO 1 Y 0 4 I A 4 f ^ I j 

^j-a £^lll I 1_& J la ^j-2 J-aG 1 y V\ I j .^Vl 1^. dlll-i 111 

^j-ll^-a^f -V Aid 11 l Y^ a y 6j-iJ^ <J>jJl J-Y J-di 4 oLcajI^> J-ll 

^j-oj Jl£_i La_a f LaLali £ J->J-~A. <, y y 1 Lt-uL y 4<dj)A» yaViILy <I^H^_a 

I J_A .^-aJlJI <_yL$1 ^ ^ a.^11 (J^Ijl£.VI 

C1y1j)*y ah ^J^)_a JLald ^l_al <<Ju_uLcu^fl GyL^WI ^j_a £^^ll I 

6JJ& JjlS 4&J£. J^Lc j | 

^LlaJI <_yL$i ly\ a ndi 1 4dj^J_dll jxlc jxl uA-d _<_u1 JlLaJj 

<jljlLJI ^jlaJI <dj <^lJI ^>dVI ^dd-11 <laJ (Jj 4 1 jjd Ly J.d 

c> ^ ^ J>1^JI Jfc o-L? -u^ 

J^lL <j-a LijLaC.1 5-llLal iltdal (jjdj-i _ijJI JjJdll jLd 

ill JaJI 0^1 ail I ^Ll-vj ljj I j| < o LijjJ lil I J iwld 

^1 j-aVI ^tl^j-cuj .resveratrol «Jj^llj ^ <<mj» Sjlil Jla 
jVyC-Ij . ddlil 11_A 4_^d^l (£j .A Vi y 11 £-J J_i^fl CyL^.jJ ^-lc | 

4 ^Y^d 4_£^j_a CyL^-^Lc. ^1 (J-a-^^jlI 1 a'\ \ _t_u till 


— lla Ji ^ \x ^ <5_iL^jJI ^1G Lajlc 111t^l_<-u 

J-Yj-ILy [\ y!c (jj| . < yIc. jjia CJJ-ll ^jl J^jlS — ljL~v ^ lc 

t^J\ a y La J_A-lali LlaI ^jl j < LlL^ 6 1 (J _° 

■ . lljllj^f ^j,\ a<i ejljlu 1 ^.j-y iLa 


the Hayflick Limits (^) 

jl (Y) 


djIjl-uMJ £-^.1 jA 


How and Why We Age. Leonard Hayflick. Ballantine Books, 1994. 
Understanding Ageing. Robin Holliday. Cambridge University Press, 1995. 

Why We Age: What Science is Discovering about the Body's Journey 

through Life. Steven N. Austad. John Wiley and Sons, 1999. 

Understanding Ageing from an Evolutionary Perspective. T. B. Kirkwood 

m Journal of Internal Medicine, Vol. 263, No. 2, pages 117-127; February 2008. 

The End of Age. Thomas Kirkwood. BBC Reith Lectures. 
www.bbc.co.uk/radio4/reith2001 


O 


/v.ScientificAmerican.com/TheEnd £_a^il ^ 61 a LS -la jla 


Scientific American, September 2010 


MjjL jit Y3M La l^)jll 4 jUUlLl 1I oil) JJL-JI ^j| ^)ilY I Li 

jUHll CY-li_ Ily jlj . _ lxJI ^Jl (J a^>T 


_nil c- LcIlC.^I <llllll LMlJI £_a J-aLsGll I_Y^tlJI 

I 111 .CyLlLs^I ^j-a ^)jui Jj£. ^j-a I ^111 _aul Iyjua. 


. li ^ \ a I j| < <11 J1 J) aA> 11 (J-lla i 6^_ui L^Ll d La 

< Ls»_a IjAjlyL^JI ^iLJa J_a^J jldjl ^jLa I ^j 


CIy 1 J LMiJI ^j_a ^a-ld y La JjlC JJL254. Ia^JI 

^j-a j} Y Y*\ JJ£. ^a La JjlC _<_uj <<laliJI 


L^UJI ( i Li lL ^ ti-iV Li <Lat i \)n 11 ^xjl^Ij ( I . I i^tlJ I 

;<_a jllll cajlJI (dxj-lJI <LiJL»_a_i L^-aLal^l ^j-a j__ji I 

<_ijjj^_A-l I _ iMiJI jldll cS^ L^ £._i-a-^. JjG V dl _ 1U 

I j) 1 A^>^li ^jLi J_aLij .6^.Gil till jd, 

£-i-H <Li_ LJJj ^Jl — < YC-LajJI <li_cuJI (JjLa — _a^fl 

Li^LlJI ^jl JAS jLi diljjYj fllll Li^tlJI ^LdlV IJ-^. 


.^.UnJI |Yl.jLj <j"\\ Anil ^^.llll 

1 ^ Ta y yL> y 6jjl_111 I_i^tiJI J_£ <Cjj 1I Vj_ yj 

j\ cAjLa ltd Li — ^ll L^liLc^l <JU. ^ £ — 

j-a^fl jj& j 4^.1 colS^fl < ilaC iUI cujlj 4 La ja Iyjl^ j£l 

. replicative senescence jji^i : j\ a < t Li dj^sll 

C$\ ^iJIJ <dl yUyLa .L> 4_£lajj1SI ( Laic ij^ _uia! JxS^ 

J^-al Li^tdl ^jl [ J)\ inn t^ijl (jLatJ Llj(jljJl^ <JLaUj 

1)^1 djjdl J-Aj ~ dljll l)0»_a JJ£. Jj^.L-di^fl 

.^l_ coIjVI 6JJt-Y lIlSjjly ^1 ~ Jd)» ^ _cuLi 

^Ld'il lIlS^jly Li^tdll I dill JJt_i CyL^j^I Cy^JII d£j 

telomeres (Y) 3_djiaJI u\'AW jl 4<JdVI L5 _Ll Lad 

|J i a^aLG jIL-aj l>^-lj 4 (J^LjL 1I CjLaj_<_Ajj-ajjill ^lll 

. 1)^1 ^ a AI j jjl£. dJI jLa Li^ldll <1>j; y aVi 

Us . jjIo dl_ddl jld ^l^La^l £_a I^y y,,\a» did j£j 

_cAjLa 4 jlsI ji 6jd 4julyj^. jll jJ <1_ill. Jil I I_j 


<Jjj_cail l^lld^J ^ I^J <lljJI l)-a (JS dllll 
Lajdj .mitochondria OIjJ-SlXI ^_cuL ilj^xilj <_£tLJI 

a a i ^ 1 < y 1 d II jaijlG < Ly y a a IJ-2^ 4 £ Ly 11 ^Jajly 

L^jdj <^_<_adJ <JLsIjJI dltlljJI > <^l Jl_i l^J £t_a_d 

JjlI tlAll jldlVI <JU. Idj .dill wla-i ll^LLil ^-\a<iVy"y 

lj(jlj_A-lJI ^24 d£. ^\a y 44_jLi_lajJI ILl^. j24£.J ^-d < a y yIaII J_i-a 

^jl 111 L)d 1| (j^-lj - Jl_Is^flj JjjuLII 6d £-xad <_ajLt^JI 

tfj 

<1_call Li^tdll 6jj£ jIyly dUl-i ^JliJLa 4(Jll£^fl 


. Li^ldll <1>j^s. y ; 
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JfflafaUat 12/11 26 aiaju 

UllCHoom 2010 /^j-a§^A 




Ja.C LuJI 

a^^ji yjuiii jia. 

A 3 JLl±! iZiL^J (SjjlxIII iZiLiljjJl £jlj}\ i ,< Jjlj 

l t' uaSU! Zjj uJjjJ! ZcLJsl jj"ju 1 ^^ iZjL^UUI 

. ZjjJj-lmJI 4_Jj L^jJi (_j2s± Zi^SlXju ai! ( _^l^yg'^l Ijjjl&jyij 


<j±>\j .B .D> - <.P .M> 


■ \ / A iclAil Alj.Ai ^_lc 6 jJj3 

o t 

<dJj ^ .u-L^kll pathogen j—gX\ 

J-cl A —JLi^. j l/l OH —j>IjA CjJI 

CjL^IaI Ja^JI I IjjVicl ^ jjj 

jAa \ lAjJI £“ IaI I^aIA jlj-WLs . lAjJI 




^K. 




<jl£.Lilc 

.iaU 4 <a A II oLAjAj^jJI J a A <1 a \9 , A 
< jUOH ^ IjmV v A<> J jj J <HIV 
A^aII jlj—Wl ^jJ auj^A Cj \—^.s 

CJ*}Lc 1 aA ^A*-ll (JXIJjJaII C ^JlJlU ^UUI 

f- Lalxil _ALII I I J_»j . <J^J 3 A _jcLLo 

£C-uujJJ dojJ^I ol^j 4Vi ^Jl^LJj 

CjL^.Ia 1 ^_ 1 c J[j) A^i ^.11 6 j_>^UA iTVJ ^All 

.HIV (jxijjjJaJI j a a 

^al-s-LJ LoLcu <_ 1 ^. 1 a*> 

jis cul^ <i q \* x A Jj»-S JjJj <A)^ * LajJI IaI 
(Aj^Jj .<A^Lt_cJI jl^lJI jAa 1 

tli jJ dul^ <A^f 1 M A ^ (3^ J_ '‘AuAII 

Jjlcj^IjJI £"l_ a! ^j| £_i 3 jAJ A fl, 1_J Li_<_u I 


f4^ 


Laa! c 


■b o' 3 J'—6- 


DNADRUGS . 


ii«jJI t j_ 


u 4jjJ| (jlj_IxJI (*) 

COME OF AGE 

the human immunodeficiency virus (\) 
acquired immunodeficiency ,_< ...Tsll ^Uil jj> *\\ (r) 

syndrom 
plasmids (r) 


<JU_oAIjuJI 1 J-ll ^j-O O 1 J)1 ax) jA'iC. Jjlj 

d ^n. <>^11 d t \ h.^ J | \ ^ 1 ^ a 1 1 a ^ Lo-lc ^ ^ | 

t <Ji-> jL^>J 1 ol 2^11111 O Jj_S IJ (Jft CjA 

A _iLo^JI Lo^jI A _SjJlI 

jJLsJI ^_a liLa ol_ ojj^jl^JI 

u <<M^t,( 4 -a ij (hill 4 xlltl (ja 4 A) jj—C 
. (y) (AIDS) jJ_a^U ( . v xnil 0) (HIV) 

C-)LflJ-^. a Ia^^o A/ ^.Li-UI a> 

Jo^A (r) olj-^j^UJI ^JA DNA LJdJI 

^ gene L-tit I_ $ 1 * Aj _j JS 

.HIV ^jxiJjJlMJ a _t n & AII oIAjAjjjJI 

^a!a_oJ a _jA) jJI L^LaJI (J-o^. j_a i <aj^ 11 

£S X * ^~ LS -^ 

J-^. oIAjAjjJI 6J-A ^Ajj^A A1 > 
(Jjliil l5 _2 j . L5 -clAll jl—^Jl ^ cj^LcIAA 

,\ AAu.ii! 


^Jl Jj)ALJ1 jl _C d_lL^a^l AjiaJI Aj_ 


0"jA ^HUI (j-s f- 

~ * -2 .. 

adenovirus 

Jj_HIV A/_^-1-1 (J-qLAs 

<klAJI 6ui^-l ^ill 

6LaaI ( 1 —L^d A>°! ^! Ji ^.A—<_ul ^—& 

1 ^ \st $ jj A/_^ L^LaJI 

.HIV ^jxiji^jl^JI Ar^J a A 
(J-ojlj (<j vl j> lAwi^.1 ^ 

A)l^j ^cjl^A_i_u ^AUiJ IaJI oI^LlI ^_Lc 

Jl^ f—^^ J—oL 


d_i-vLl_4^ 

oL^-UxJI j oL^lAUI oALS ■ 
DNA L»JI olAi^ do^l-m 

^ SjcIj 

<( j-AIAH ^^bxJI 

I^^juu j^-Laj Cil J-LajMjJI A^-lj 
l^_j|jLuAI ^ diujuA d_JLxj 
.SjSoXI 

ojj^. 1 ol\u<tVi A)j ■ 
La jlsj <oljjuajAJI 
jjuS ^1 ojI 1 C [' 1 ^J ' 1 

. l^LJUi 

4 .111XI oL^Msdlj oL^IAlLII (js .u ■ 
^ ^ IAJI ^lfc 

l^JL^Ij^ ^ jl 
Olj-taj^LJI A)^ 

.L^jjja Cvil^ 

cLlSlL±jL-u 
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Fig. 68 




1 1 iTl IJ < JLal l^-Ji^S 

1 &J <JUllI CjJLujJ . I V^ 1 * ^ JuLQ l_j jJ | 
^j-a a 7) 1 (J r> aTm' LijJI ^_1£. <*inil 

j_diLil Jjl^jIJI j ^cLllI £“^LxJI 
IjjJI £. 6J-ojL»JsI cj 


C-U t <iTs 1 aALjJI 1 K Ju ^-3 


£>j_& CjI^J ^jVI J .<jUll( 6j_A 5-JLx-a j^CjJ 

(~ i 1 ^ 1 q! 4 \ I I 9 Q !**<^ ^ Us V 0 C J 1 1 


^-3 Jjlgj^LiJI ^_Ic < ilxo J->,J_i^. 

Lg-W dlljj <(jljp^l 


<Ljllol 1 (J^-aJI jjjj ( 
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CjLoJlLlJ J ^ ^ * V <JlCJJ 

c** ~ " ft" ~ 

<J ^ IaIII 1 JlVAj JoK 

^ * ft s 

.<j| J <jAjJail (S^$i <J^ 


d \ 1 -a 


*3UI 




J^.^TJ) U lj_&j <hostcell 3_1 jIx 

jianutf i) 0 ) ^^jl» 

ol_JVI 1 j _A ^transfection (^jj_xJL 

Sjl_c. IjjJI cIaII ^_iJI 

^ n\ 1 J < J_ Jl^j^LlII ^_Lc Jj_GJ^Jsl 

3-° ^ j—II <_jj1Ul!I 

L^j j(j vr» ^AJI _ui V^ <aj^UJLj L>^LaJ1 

u-SjJUlI <jl 1AJ I r'j I 2*.j . jijjlaJ I ^ I j l 

fi'~' ft 

<jl£.^jJI ^Aj>all oIAjlaJ(j_» < \Cl\lI 1 *\l A II 

A \*\ <3\j) A. j < « I 1 -£. <4_JU^C. a t m.aK 

31 <Ll^j icllll 3 I_^IjA. ^J\<\\ 

l_Aj-*Jl!I la ^ _t n^k II 

JjjljJI (^J-ll ^_1^. 4 -JlC-LjlX 1 C-)L>L^>A_<_uVI J 


[oLuxiLojI] 

‘ LijJI <L jl J^ju AuS 

(jA 4_1 ^A l^jli <^Mxll ji <UlAj±l 4ju£ iJuSL^A LjjJI 4_»^ Jl CijlA f-\^JUI 

^Jl uVtui ijL^ JaU <L&au3*a - LjjJI 4Au3j Ql—Alrw - Cil 
^Alusdj L»MAJI Ijjj L^JLAIj ^Jl olj-taj^Ldl JjAj j [ j^ A ^ . LMaJI 
f-mj-lt) (JajJj^lII jluaJJ LjjJI ^IaJ 4JL*. .<juaJL» j^SJ. 1 (jojjjJI 
2 it a - ; , ,Afl 4^31111 3 > ' -■ jjA!I ol„,\ njjjJI j^j i (^— u^jill 

.jxiJjAlII dLJjj 4.ur4"u<d,) 4 _jL-o^| £_laj ^jJI 4_l£.LiXI 


rlMJI ClLi-UJjJ £A±U2A 

transfects jl 43 L»^o jLs t j-bJI ^ LjjJI ^laJ i jk^A Lajjx. 

£.\'us\'\ s a_)L^Jsl LtM3JI ^J .<Ll£.LiXI LtM3JI jJL^JI l_iM3. 

^“nlj .antigen .uA'L->J.L ^jJI j-LajMjJI ^ 

. LtM3JI djji L^3 ijLjI JM3. g.tA’luJU oLuj<Ll£.I_iXI LtM3JI j-a j y~i< n 







U-SjJLJ ^jLa < I j .^UjJlII ^^A^JJ^-II ^—<-A 

^ \ j ^.1 j <J-cL^. I jj < aL-%. 

jv * i > ^k 11 4-jLo-^k L^JlC UAL_uIj icljLC A 

■ cUl^ L>° 

<<la^I _ ^ _II <\ _sLtAl 

^Ij^u <\ _j^LLo c.) I j_ jlo LjjJI cj!_^U1U 

_<_u I L^JUg ^ -(SJ _ ^-^1 ol 

JjLO \l V\ II 


4jjlil Ssii. 


LjMA 

4-i£Lla 


a p *i 

• ;- 

4 ’* 

u 





4_lcL1j LMA 


LM3. 

a iiijjuj 




o 

^llill Cjlo^ajliU 0Q 

/SdAx 

•o°o 0 ° \ 

\ o a o 

_3 t .\ I a 3 11 A. 


3 l'<iTti<io LMA. 

(^aaJL» UjIjj 






\ 


^LSi 




i 


31iU 3 -ljLj LM3. 


, ; 4-itLlfl LjMAJI iuL^luul 

4 X 3 L 2 JI 4_i£.LiXi LtM3JI 
LiM3JLt vJijju ^^331 1 j< Ai’i< < 1 .a 11 
o^&JI ^Jl t .1 < An< < 1 11 33ijjtXI 


(J_oLsljJI c_j_ ILulj ^AJI IjPijIajVI ^1 _ iJ 

J! c’-^j ‘ 1 ^ 

.<l^.IIjV (JW1 j-q —is —<—<j ji <-3L_j^ 1 

-La_<_ujJI 6^)ljA^. dulS <Qa \>Ln LijJI ^1 

^jLa (ill jJj < ( LjL^IA. Ja.^. jj-io. cJ^) -^akil 

< l^-OJi_<_a_o Ijj^jLl V IjjJI dil_ ^.LaJ 

Jaj ^\ _OlIaVI { ^£-Sl COJ J-Z I I Jj&j c5 -ubUI ^ 5jSLs 

. S C-sL^IaJ 

^)La <cjI^.LaJJI ^ ^>1^ <^--v j 
^ ljj-i cjjI —A l Sj \a <J I—j jJI 


Y v / ^ 

^-o JcUjJI CvATk 4 ^jILl1JI 

*C X - fljfe ^J 3 iA! ^‘' ‘ LitUa l e Ui 

antibodies (SjLAj. ^I...~.1) jl.uAl 

“ y"A 


3_lc 3J3li 3_ul3 3_»jl4t, j 

3 lh* n CjLujJj^ . J-isIloXI ^ l^-Lia-a ^ Jj-i3 (j 1 


^VUJI ^ ^^*-11 ^-11 l ^ >> s 3 ^^ 

LJL^. L^ \ ^^jJI 


lull 


J^k\ 


? J -t ^ 


\ _o jAc 


6 Ji^ A ^tLoJub^n 6jLs 6j. \ ^k I d> I^C) l a t jl 11 

(J>oLsljL) V ^_cllLI jl -^ 11 a .a _jIajJI 


HOW DNA DRUGS WORK (*) 
A Good Idea, Then And Now (**) 
.£_aiJI jl (^) 


JjI jl ^_a LoLoJlA) c_J_ t j .Ts ^ ^jx>IjJI A^i^l 

<lLaL_u_> 31 ^ L>° ollp-culJI 

^jxuljjJI • < ' <-3ul^ <IaMJI 

JCj l A^k 3-a^J J*S ULU A^J^UI — 7“ IaJJ 

ft" ' " 

- u-° j' 

» % 

6j-A ^ w i^T\ ^ 1c, _‘-‘j-LI 
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[j^>] 

IdaJI 

ajjliXI JoVI JJ^UI ^lfc *Lt\4l oL^UJIJ oUlalJI a^JLst^ aaja ^1 cLoldUl OJJ- 9 . 

^laol jo aajaj <Olaooj}Qll LaMdJI ^oL-odol jo aojo CdLxal ^^d-ll Olimt Villa . lajJI ^laViuilo 
.OlaoajjaJI oj^J ^tLJsl jlfraJI oLLaJkxil j.4rdj <CalaoojMaJI ^ SajSjl Otdoo^jaJI 


^^Vd l jlgox 

Jlx joLuMiol 
toMidl 4 X ^1 



nil ^aj C^jJI Jadjl ^lo^All ^oojVdl jl 
Ol aoojMCJ LMAJI ijoLoiLal ycj 4 J jSdu j ^ < 11 

CiL^jJll ooj-Cj . 5 j_jL> ajjXI jSLdlo ^Lll 

sjAuzS SjX (J^l\Ji jla^dl ^ o^ia £<di <LuL>J(^< II 
.jjoadlo CjI aaojMCJ ^riuii 


J! 

j>^l 

ui J u* 6^1 

d 4 C. I \ A 

OOo r ^ o 
O 00 

A 0 

^bd^ idj U k. 


o O o 0 .0 



^j| ^Hill jjal j^a jo j&aJI 4 -dsdl jtoji 
^bdj . 4 _lc 1 _JsI Li Mid I j£jia Cu.^. aJbdl Jdda 
djbjloo CalaaojMdl jo aajXI CaldLdl &jJs 
fojULa 4 o^ldJ laMidl ^Jlj jJbJI Ja .1 J 
. 5 jab SajjXI CilaiLaJlo 


4 n\II OldIHJI ju-u.Vl 



J > ^ 1 1 yLtajMjJI ^uua’i 

ai^da jdijjj j* n<rn < 4 ^slidl CiUdxdl jfc j 11 jSba 

«ciIJ j^)) jo 4 dlajo old Id jdaodujLa (^aaojMa joao 
4 oo£ aaj> jl jSbu OldUidl jdau ^laCd<il j£J j tladl 
. 4 olidl 4 jLu-d ^jJI jbjjdl 



\ 1 W ... a 11 5jjjLa 4 _lC.I_io 4o Ldicul 


. * * 4 . 

(JJULI^A ^AL40 ( jOX 4ijOJ 

ola^L^o ^1 4^0X1 taMAlJ dd>j^XI al^Xl jl 
.cilaaojMdl ^-11 cild^i 4iLd>L> Laj_> j<Lj j<du adjuvants 
dial -\"\I <1^1 Cilatlujl jiabi Olo-dduXI ojL ^l j 
.^LdJI ■••«! <■ «<t 2 tc.i\ t i 


t—i i 1 ^j-2 <HIV _jlaILj 

^jJI ic^-ooJsl ^-2 922 (J-t-^l (2)_o 33 

2009 1 2 \a.t^> ^_sj .JasJI <_ cjoJI do_iJo 

6 J-A J^-U jJLJ C_J_U_i_U <Oj4iJL!l t_2Ido I jj^2o 

JjlIoJLLI ddlolooJI djJljjLoj .g_atjuJI 

0^-1$ <(J li jUn^l jlool K \ 

f-1 x^> I Jj-(jl JO-(JoO <_lj| 

. Ifvjj-o ^LcLc fjj _((5^_aj|» 

<lL>L_u <_clo_o S\* 2 

BOOSTING DNA’S POWER (*) 


l^_W — <_ojd ^.1_ ojlo.L^ Cal J_ loj^LJI 

^“lilll ^jLs ^o 2>°j — (j-° ^3<ol^_aJI 

dU- 3 iS ' ^ ^_ii4ill ^LaL^loJI £ja 

<jr\-2± Jj5Lll ^Vaj^oJLa .< lcLoo 

jlj-~vo_cuVla ^ j^a -Ua.2 

(j) ^JdLa ld^ <1_i^loJla ^JLa UL^ <_cliil 

^_2 6JodC Caljoi <Lcld^ou_ul 2>ioo Jjlc^^LJI 
J <2-loak.^ dlaloo-o. Jju^ojjL! <_caja Jodju-all 
J-cL^. j-i-3s idjLO jX-cuoJI cJ' (j-° ^J-^- 

.<ol j ^“IaIJI lojJI 

<jl£.IjlII dd la la ■.-cuVI -<-uJ 


Cal^HJ jlalo.1 J_ jlC Ca^-h ^oJI <3 jl3Lj-oJI 

.4a ^jL^jla< n *)l l^j_du Caol^ xlI LadJI 

Ca 1 a liL*vVI 6 J ^ I ^ \ i 1 1 Lt-u VI (_jLi_i-uVI ^jl 

jod^ju_oj ^'IaJJI Calda_oj'Uo ^jl 

^1 f la^LoJI *—sl^ JdC ^j-2 

CalxoS jaJ laiLjJI ^jl_2 L^ol 2 dlu-^Jj 

^jLa <^o ^yc j .6Jj^-ll Cal_laajjoJI ^joa ^Ladl^ 

• oaI^ (JS-daa ^^cLlil jl^oJI 

jJjll) _cuillil <jIajL 1I Ll 

^_A2 <dilj .^jS| Calaj)* is*> <L^. •a 2 u' L- 1 

Merck djo-c oljjJI j >;< ca-di 2007 ^lc 

aj(j-iMJ jl < A a LU <JLa_ul^ LjOJ ^^LLsla 

5 ^0^ JI ^_C jo la jc LojjjJl 2 ^ joxd cut HIV 

. HIV (jjj j(j ijil Ca lao-Q. (J ^ ^^aJ AdHll5 

^IJI <ojaJI MjlcIolII CalaLda_cuVI 

^jxijjjaJI ^ 1c. <AaLaJI co^LoJI ^_S Ca j-Aj-du 
6jJb H jo ddLLkJ 10^ VLj ^jl_2 < ^ jjJ I 

.STEP u .\\\nt LjoxoJI Cu-c_<oa ^dJI LjoxoJI 

Cy* J'—=“ U^>— _du 3000J laojAo ^_l^lj 

t 9 . 

j£) Jii. ioAo. jl Hill HIV (jajJj „jql| 
. placebo (dJUAJI 
ja—® of^ 1 ^>>?dl 22 ^ — cj 

Ijit jOjJI j-ioL_du^fli <^jAPlCJ) r\^s.ll £j\J 

J-LxSl 6jJ xs*x\ (jr\ _\a^.^ Ijaj^o jiJ ^*1_iJJI 

^_a| dAH3 <(Jasl1I <-Cj-oJI Ij—ilo j^jJI j- 0 
ji j .HIV (jju jjoaJIo LLo^LI <*Ajd. jo^I 
£y> 49 d)1 <—jlxc — t-a jL 

Ij^OLi^l J-I_ill I icjA^oa ^_2 914 (Jo-iol 
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I 4 JI CJ I Li^ildJI 

.^1 

(jl (_s— V /"H U 
^j-o ^_ll cj! jj^j^LA! I_ 

£ Jl AC, 

— (J^JI (^.ufsl^p Cu_uo. jdj . £sj) _O 1 _Ll I 

»■ 

jjJld 6 J_£ C-) 1 dj& J^l_ ^jA J_uaj^Ldl 

JLLal (j\ . JJ^ll dA^-ll —a IdjJI Lm 

(j_o x^T\% codon optimization 

iLd_<_cd clxi^J 4-uljijJI CjUjlIaIJI A ‘ C'. 

J^S -11 ^_3j .^ 2 kSl uii U.\ \ Vd L*^Ll_ll 

^Al^Vl jjWi < genetic code li^J) 

JdU <_dLJI ^JLJLJLO^fl 

/ ^ 

JS-cud I-Jj c_3j-^J < 1 —^jA 

tjA J&\ LaJJ^J <JUUL<i^l (jALo ^.^1 \3 

I d^-lj (J x A <d 6 jlx Li^LkJI J ‘OJA 9 _^ 

4-a^jjdj <<_Sjl^lil CjIdjJ^SJI 6 J_A ^JA 

ol__o ^ 2^1 ^_JL»Aj 

^j-o <jlHjlII CjIdjJjill jLl^U < 1 jSLaj 

CJ 1 3t . c-JJ)'l^l) (j^djljAil < A A 11 £“lddl 

«S 

<d jj CjLla (j,_t < 1 ~sd dA^-ll ^JldlJ <jl3LcAVI 

^dll Jl_cu,jil RNA LA ^. 4 -aj 

• dAdjjjJI £-ju-od dA^- ^dldJI 6 j^dd 
,j£ jJI ALaJI ^Idill ^_o_<_u_i U ^jl 
d^d-ll JjVI ^-lldlll j_A dA^- JS <J J_> 

^_jULi-od CjIjI < d A 11 <La^pd 

dA-^-l I ^-1 Idd d /—<• i 1 ^d 1 LlS < d/—d jl>^ I 
d/dI CjCjLu J-d)-* (J ■ ^ 1 AIdJI 

^ llad a ill djdldJl oUldjJI . <L l^dj 

^dJI d/dj^>/JI c '—^' LT^ ^—d 1.3td 

< 3 ^£^-0 I I d-A^ < <Jl1AJ I 6 Jjjdd d; I < J 

UL < _ i£llll Li^LdJJ ^c-o _<_a_i <1_W <jlS 

L>iLdJI JaJj oldjdj^jJI 

. ^^jjJ(jJla1L» 1 _dlj(j <iajd_<_u-ll 

< a Id A ^ lx. I ) d) 1 _<-d>^_ 2 sd d/dJ L>J 1 LlSj 

<<_ 3 X.I 1 II <_>L^d_<_uVI d>_° iLiis 

1 ^ w_<_u ^dJl 4 X.LjlL 1 d-iA^d Lo^jLidl 

. C UHJL C UUI 

The Rebirth Of DNA (*) 
needle - free p) 
gene gun (Y) 


^^ J—*5j—4 j1 

C UUI f+lte ^LJ.1 3 I—^Jl op> ‘f 
^al \ ^c_ju-<^| IdLL •*'_t <1 

<_jL^s^U 1 jl Jadiiil I Id^JJ 1 l^dJj dy^^ 

. J-3LJ I dild-S <HIV 

iij^dJI C.L<b_<_u ^dJl CjI j! _caJI 

5jdl^-cLi dx9_sdlall dx9_1-^LJl d)l^ c_jjd_x_u 

a>^f —*-!l ^jj— i!a 

Cxslxl ^dJI djdxil Cj^l^ AU^II j_s^Ld 

. (Jj^l J_d>° d_LCjiLJI CjI _^.IdJ 

jJfeUd-o 5 ji^ lx J Cjj^j 

3 jkJl dl_Id Loj old_ loj^LJI A _JU_a 

CjldL-dlJ <LiLdJI ^ _II L^JLd-jV <_jdjj^JI 

jl^JI LU l u.l >^d ^1 oUUUI Jl 
.^-Idlll djj^-LI cjlddjjAil ^xllLI 
^“LlIII (Jl is-> dj-ijj^JI (J^LlII d;l 

^-d^jd ^dJI <jlo_A| (jr^-i ^ja 

^ \l~\"\ _i_td L^dV <J-a*JI Id-A d>^ IS*> 

Loj — Li^LdJI ^ja I J_ j) \\\ J JX X d^d 

l^y^\ _t-od a*$ — <_ixld-ll 1 _i^ldJI 1 _^jlS 

<-ijJdJI ol_ sL^lUI tliLSui . oI J_i-oJ^^Ldl 

J—AJJtdV L 5 d-!l _d.VI <-akdVI j 

jl^^j 3_idjdaJ) Jlc ( ' } ^jVL» 

^dJI bioject ^^-AIjlLIII 

f^'Ldill d/^^-l b J)* iAlI ^I^JI J-OJJLJ 

^Jl CjI I Jl_ l-OljLj 1 ^ a _ad 

L^ldJ I juji 

3^jjla UMA, (^jd ^^dJI 4 -ixIjlII <_«_ujUJI 
£>d-Aj . antigen-presenting cells j^VuulaJJ 

^Jl LdLjjLS Cj I JjloJ^LlI I ^-djd Jdl_i_ujJI 

<d^LLo I _ i^LdJ I ^jA J i V\ 11 J _ 2^.1 J 

<JdLo>o ^dkldj ^_ II Jj) is*> J^Uj . d_>d-^-H _ »l 

Ci ^2 jl J-^aaJI ^ _>j[ ^-1 jVi.n L 

<jddd jxljAdu-ulj ^JlLzJI ^ Ld| A \ Jl^JI 
< electroporation CJ—iSddJI 

<JLJ L^J | CJI tA \\\ I ^jA <£ JAJ^A ^ AJ 

d; J ^£-3 ddljLC _la — ldaj-c — (_^ \ n d 


6^1 



David B. Weiner 


Matthew P. Morrow 


~l-L-^ ^ Lul^La 'n Zx-a L*. Lx-o ^j^LcJU 

<3 L^J I c-t c h * -d a j 

^j-1a <GLz*jI <Jj Li ,^T^y/ <L>>ji 

LujJlj &lj \ m 10 £jJ HiV ( _jjj 1 ^ II 
LJ! c IDJa 

<j-Uly> Lai .ZiaLUI CjIa>X*JIj 

^jC. fJjj ^.a.a j (^jJalj-alj ^Ja jLLujI 


^j- 2 (^y£> l AS^'l^.yJ LsJ! £C_0 LjjJI 

j^.i j .^.uyJi c^uJij 0 l^ mil 


d° <Jjl J-&J ‘ LjJI ^ HI ZjHj j Ijfj 
^j-lc- 4 i ill I £j H HU I 1 

t <ij jj j j. 1 1 11 c2) LuijjJi ^_// 1 1 yi < 11 


eljjJlj pljJLil <LclH±1 

^ HU I lZj Hj-Jj dn 3 Jj J*-Uj FDA 
^j-lc Zjullq 4j jjl g^ljj ^jXJ! ZjjJ^Ij 
. ^cjXJI Zj Hi 
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4_A J-i J_1c 6 ^ 6 Jj_*A Cj _jl^ jl ^_JJ <jfi. 

oj-» <<UJj _II <-3LaA .un_ i-u 3_> j^ill 


Sj£.lj A _jjJI <dHd ^.Ij^Ji_i_ul_i a _ 0 HAA 

cy—® —*-“^1 6-° 

jAa \ J \ is *>ja 1 ^ j tJ jlIajlII CjI_^HUI 

< jjl^^LJI _i_ulj ijjj^l 

. LLa^ x < 111 4 jl£. Ill I 

^cil ji&VI Sjjju^ 4-jlS3 

6jJ— 111 dj 

H^lAJI &Aa <^jLoLj H^lAJI JaAj 

<6^ Lfl5L* Sj^SAA OI lAjjjUl £ \ \ 

^-Sj .4Vs aII cjL^.^L*- 1I dh° j-> j-*AJ I sHI 

a \\JLl oL^.!iL*-ll l^jui^ dd j-^a ^Hl jJI 

UJI oUUJ caaa—<_ u Us HjJI <dHd 

. £_i_u IjJ1 I I Jj ~v‘i a i I 1 Un ^_3 

djj^Ad ^d_ll A —j.ulVvll <Uj j^l —A-jj 

A^JL*_l^a 4_ ALlOJ^ £j\ _ ^yA Sjl_C 

<JUw ^^LslJ U \^w IdjJI cjI _J-t-^^d 

^^HAJ J<L 


LT^r: 




J*\ A Vi \ ^c-ajA V J^ojMjJI (jLs <^Jjl12jl1I 

(^jJLLJI genome ^^_3 ^_Uj 

<H!ilAJI LojIj ^s\j ji <^-!}LsA1 ^Llll 
^^UlJ di_sl_C.| ^d_ll Cj I JjlAxjLI I (—lAv-1 ^ jJI 
.<jl!jl^JI ol^.!iL*-ll 

<a\ vj^.II cj!_jHjJI £-a JL-J1 j _a lc£j 

^Ac. a \\ill CiL^iLsAJ Sj^jlII oI^UaJI d)H 
dllj JIAloj . CjLjIj) 11 ^-1^ cAl^ Jj^UUI 

j->jLlAJI Ji\C- <Lcl J^aJi_ ojLs II Jjj_II 

Jjlcj^LJI J_^ ^k^fl A _ilJajll 

ujjl^jlLII <jIaL (J-ol^aJI J_ijljLaJI CjIj| ^-l| 

^jlju^jlj 

(‘''^alll j^aJ.1 (j^a^JI) oj-a^ys 

JjlS ^jAc j2>-^jJI _s <JL^.^fl ^CJ_s _ Sj 

JJULO ^^LsAI lj_A _2>Ji < LlJ. ELl^JI 

Ijjfc J_ ojuA LUaj <1_(_i s A _W 

jjlLJIj J_lLjj lj_Aj < I J V <ll ^jl J\^W 

. 4 \^ , M \ U ,~A ftl I 

A Multipurpose Technology (*) 
growth hormone - releasing hormine (^) 


i_a 1 4 ^ j «adjuvants OI 

oLA^JL-ul jJ <_jjjAaiII cjU.UU! ^A| i jLc 

^-jAalxjjU CjV HJI (jAa t 111 I j ^ 11 

fcLaJilj ^llil j [—^Jl ^jl J£.l <-oll 

JjlC ^j^.^fl (-jL-u^. ^ 1 c. 6 J.-Jj _x_uI 

L^.Ijlj| _tlu I Jl\Aj <dl!j ^-3 4 jl£jJI 

C.j-y JIj ^ja! ^jJI T cells 4 \\UUI t iM A \ \ 
dlljj < l^Alsj <->l A^all H^LaJI 

jlouoVI cjUl^j^jA j ^^fl ^IIjVI (jji\x \ 

9- 

{ja l) A j-lll £ _jlc Jjl^ ^.ill antibodies 

<jA 1 \ o \ < n i jLo Cj J-» I _Jlo .3 . I \V A II 

L^jjd vaxfectin <nSLa ^_cj3 

<L^jll Huill ^HU jlj aA^I 5_>LaJL_ul SjHj 
uic HjjLO (J A JLL JJ . 200 I I J A A 

£_o resiquimod \ < <njJI j_ a j _kl 

^jAlJ^^JA (j£j_^.^fl HJI CjI _^.HJ ^jA_3LJ 

(j-a JS Jf*Aj 2 ) o 4 A u (J^Hj 

. jl j-tA^flj 5 jljIjAI HlilAJI 
cr H ^ \ M ^ <jHj cill_ 

CjI J-CL<_u_o <_3l aAI T^c l aAL^-Jl3j < HjAl 

I —W JL i IS ^AJIJ < <_jj 1 ^ \\ I ^-HUI A \ \ < N^J ^AI 

AaH^JH <!Ldil 1 (—j_cllll jA»^ HL^i 

^^jll oHA ^ i u-ujH *_j^HAL»_al ^Ac. 

2 a^- Jl_^-jl 2 /*^>^11 d)_ ^^ s 

Jjloj^H- 11 t—^_3 uAjlq J£.l_(_uAI 

H^lAJI l_ aU ^au-oAJsl 

j-_A ^ cj IJ_jlaj^H -11 (_y£s _AolI c^< 

L—) ^ 11 <_31 aA I < Jjil I JS -1 <_uA I 

Jjflll d/_aJI A _sLcAj J_ jl £.j .£-1_iUI 

^ I < HjJI oU.HJ ^1 cj! j-d_i-u-UJ 

d)H < HjI jjj^All jjuad^HJI d/* jjl£. 
<jl^H 1 I oHLadL_uVI 6 jHj a'\\a \ j£.Li_uAI 

j\ ^lj-° 

4 n n / ^ 1 I 4 \ \ \ dl CjI _25k. HU I 6 J_^ 


c.) Ll^^iJL 1 

CjIJ) \ a nil ^_3 ^AaJk 


' ^^ 
Ejj52ll <jdjdijjjAI 

<la_i_ul<dHUH . HjJI p jj_Col Jill 

A,\ —ljjl^II J \ is *>jUI (jjkj olj_luad^HJI 
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(*) 


LuJl oGbLal 


.jljjuaJI ^_U. *La).\Vu<ila ^4uli l^-ugJUj j^a £_<_ul j s 4lKJ jL_u_i^l 4xuljjJI »U3 j-xajUjJI ^-Lx 4,x\U,) oLexULJI j CjL^*4jUI jl 

■ Olaljx^JI j*a CaSjuj CaLaSjl 4ajjjia <L yyu .j oijLxa ^ dal Wia \ idxJLxXI yc>\y^\ ^ojlj j*a daljllla ^Llll JjjxxJI 


Cilll^.i^J) iij.fr tuJJ 


(J^l) Jfrdl oji ■ 

^jOCII ^jJI dilaJja olfriJI ■ 

(jjaOoJI) 


(o*iOJI)fj4XXI 


(jjjLddl) 


<bjuJiiJI ojL^jJI ^ eijfrl<-aU 



(oLaliJ 3) HIV , 


I 3->ji i'i 1 1I 3x0X1 j^x 
(jUUJ) IjijifcVI 


- C -x-lSJI olfrJI 
HIV ■ AfaojSLt,! 3_>ijjJlaJI 3x0X1 j^x 
(T) (HPV) ^.j^JI jiiiJjfS 1 (3 nmj ^1 flj^VI 

J -l S JI JUojj-u 

^•xxi 


^Oxx^l cjJUl jJuAfl ■ 
la_0jXI xu inll 3_xOXI jj-x tin mi (_£j_II J rtMl jj 1 ^ ■ 

X ^Juu-aJO 

(oU5U 3) cii>vi ajj^ jiQfci ■ 
fjjMXI ■ 


ja 3_>lijll ^LaJ 


3^xXI CaLxMadl 
!jolj^ai xC 3x0^11 
Sajxja 


jJ y daLxMx 
lajiUI CaOxij^JI 


SjCvll ^3jbxlJI J-exlj . (jXlj-41 



6 Jjix 4 ju_u jj_ii Calllajj_a Ca_o J_exla_t_ul 

LMiJI lfr_> ^xj_ Sj CjLo^j^ CaJe^iaJ I_ajJI 

l g " ., ij jJj^l ii£.llU 
xiu J_aj . (r) (HPV) (^j-lOJI ^ .i iKII 

1 3a.tVi <jl ^Ljlx 4jj ^1 1) <sjfrj 4aJj^fl jc-alllll 


ialLa La^ilix IjJ_lex ^^LsJI Ij_ita (j-ijJl 

l^yj jjjJLI I Cj llHjj-i J 4 A 4, \C llx 4_i l ~s.~i a 1 1L^ 

I jl J 4 AI g *\ a %90 Jn *Vi j <HPV 


I 4jJ Lex 4-j^txj j . 4_l1 Lc I^ILa 


i a 1 ^411 Ji a A LajJLa ^X-Llll ^^LsJI 

(j\ju j^JlLI 4 xj I JjlI I III! I (4) I . C J I 

4jlC llo CaL^^Lc. V ^ y" V 4 jV 4jlo_A| CjI J 


jl HPV f^yujy _xlJI LlIL^. _S^Jua 

C Jjlll v 4lJI 

4jjK\ \!I jjU ii.Ui 1! ^jLs <JLxll Ij_a j 

<4->j..,x7i ill o <—bJi ^^ixl 6j-o CxIj -cu 

< LajJI _1^. _ Ilo Jt._2xll _C dll_ 

jAj _11 j_l£. melanoma ^ 

(jLUj—caJL lr\ 11 irGu^Ul Jj— colS 


^jJ Cxjul^JI jX^j^Lll jXjj £“iL*-3 .^jl_ 

Merial JLajjua 4*Cj . v. \ < j^jJl ^j^L^-11 


DEMONSTRATING THE POTENTIAL OF DNA (*) 
DNA biological immunotherapy (^) 
the human papillomavirus (y) 


eJjLxlll (J_O J_iJJtJl (Jljl_o < 1_JLx 

JjlS j .xXull LajJI Cal _ ex^LsJ 6j \ \\ 11 

<^4^. II ^ytsuf} j 1 11 V1 


Cj Luljj^jJ Cj 1_Ixex J-t-£2ij-i Lex*^Lc J-o_ilu j 


Cxiex 4 growth factors J_aUI J^l ££ ^Jj 

9- 

uj-LaJl jj) 4jl£ CexJl Li^LixJl J_ lexla 

J1 jx, xei — lxu 

4_u_JjJI ^aU) J_olx cjj j-oj J oLs_l 

j-<^lll (J_ ^Ils ^Ls_i IGF-1 (jU ^ 1 n i^fLx 

u-a^j-ll 4_ cllil jj j _ s_a (jOil a^iII ^_ ‘-^j-l'l 

4jje^l Cexjlaj .X ^JUu-iaJLi iauujJsl J ij a till 
(j^oa ^lll ^.jJl jljjj 4.S — Juloj j)U . Ti 4jl1Li 

<jju^ J ^Jl 1 \« a^> I ^x^.^Lc (Jj—cjl 

cSjbJI ijJjU ^^Jl .Y»l l 

J-ol jr: ^iL»Jl 1 J_^ j_aj .limb ischemia 

4_i j-ojJl 4jlC j^fl ^jlaj-^-J Jjlxj^IjJI 6J 

4_illjJl <411^ fJ-bJl ^ b £J-iJ-^Jl 

.»_sljla^fl jl^ (j-^ 

eJljjLJ <Ca Lex^ljeJ 1 ^j_ex I 4 j_S dJ ll&j 

^5-1^ c5 3-}^ C5— 

6je^.j (J A A q 1 (jA-a 4^jl- Lulx L^-a-Sj /^bjJI 

JL^xaLa dlJjj <Cal—exllJJlj LaJL ^^UJl 

4lal_exji_i_ul ^-lj ^_lc ^_i_u_exJl j^_ex 

^4UI jl 

fjL$ (Jb ^ C)bj^ 
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Sjl£-^.1 jA 


DNA Vaccines for HIV: Challenges 
and Opportunities. David A. Hokey 
and David B. Weiner in Springer 
Seminars in Immunopathology, 

Vol. 28, No. 3, pages 267-279; 
November 2006. 

DNA Vaccines: Precision Tools for 
Activating Effective Immunity 
against Cancer. Jason Rice et ai. in 
Nature Reviews Cancer ; Vol. 8, No. 2, 
pages 108-120; February 2008. 

Electroporation of Synthetic DNA 
Antigens Offers Protection in 
Nonhuman Primates Challenged 
with Highly Pathogenic Avian 
Influenza Virus. Dominick J. Laddy 
et ai. in Journal of Virology, Vol. 83, 
No. 9, pages 4624-4630; May 2009. 


Scientific American, July 2010 


1-J-tiJI 

.4 a~xtii^ gjlllll (jl jJjljj 
CjLxIUj _3 4jlgI^JI 6jJ_sJI (jl 

Ifl ^jauJ ^JlII ^jAl j_g^I <_sl _ ljj I IjjJI 

4 xU ^Jl 4 jl*Lj L>JI Cjjlcl Jj3 4_L»Jj 4_JLa_3 
Jl~x1 .HIV JjjlaII JL^»g ^-3 ^Liu-aJI 

^-l^. i_^-3 ^£dJI CjUUUI 6JJ& 

s ^jJI ^B-(jdu£liLU £“ Lilli jJh _cojVI 

^Jl <il^l i HIV ^jjli Jj \%\ 1 4j^Lj ^_lc 

J <6d£-l _<_u_g olVsj_2iJ SjjiS-G CjI _ 

dlJj$ ^XJUJ ■ ^Lj^H uJjL^JLiJI ^X 1 J Ai Axil £_G 
4 \ ~X U <_ul ^yC\ A A j\ Li^.1 


-±) 


jll 


-j^UI 


,J AT 


LMAJI 

< HI V jjjlUI cA\ n^ 1 c. 4 \cllll 

4 _iljxji_ ojVI £_ 3 j_j j -^.1 ^(j - 0 ^Llij £-xa_> ^xj 

Ucrx I j . 1 CjL)^ju_ulg ^Jl Sj^jlII <Liclill 

£_l_l! j._o ^_ Llsuj GeoVax 

tjLX»1 Uij-tuSlI ^4 A uyb-° 

j-° 6*1 .<J ^lj£ vaccinia Ankara 

4 ^ .uaJJ 4 \\lojJI J_&La_lL> djLS_UI oL^jI 

1 g 1 \ A a ^ I \ \ 1 \ A l L \^ 4 "A.r 4 1 0 a \ 

LjjJI I HIV (J^JJjjJLII ^Ll] ^j-o 

a 1 AI HIV j j iill ^r^-bllll j cx 1 

(jxiJjjcJI 

CjGxLLI _G J_JJJlJI fjJ _^ 4 _SjAtx (j\ 

f^jl^LaJl (JLoJlLi-uV 1 JjlS GjJI CjL^.^Lcj 

j _tiuJI 

I ‘ L^.iLc Ltf l jAiI j_gLs ^ 1 % Ts 

w! 3 j . <jL 3 j Cl I is*ij jj^Ui 11 ^J_G 4 _^.J J 

J 3 a 1 ) JiLk. I j-A ( il.-x 

CjGx^GlJIj oGxicill _ XJ 

4 jljljj 'N.i 11 ^Jl ^Vl Icljj) 

j J ^ ^ . jJlJI 4 "X I 

\\\\ \ ijlclJI 6CA I 

6^1 ‘ 4 ^^ 4 =, j_La 

| I \j 4 jl 3 U-oJ I <JJ-&UJ I 4 Lxj_g 

■ .^q^juulq Jjl 3 jLc(jlg 

Back To The Future (*) 
the DNA approach (\) 
consensus sequences of flu virus genes (Y) 
Pennvax-B (r) 


jx4_ 


^1 ,L_^ 


jJ ^1 V }&1L <jjl_Lo >_3la 1 ,.■-">I 4ju_u ^xJjSjlII 

L!! lA\ ^^LaJI Ij—.^JLali 

^j-G JjLTxJl J-i GjJI _ Ic 

^C_l3j jxJ ci -i _JL^. ^UjJI I_JjJI 


.4c_»L_oJI 


jLjlcil 


^J^LUduX) 

i^.I 4C->L-J! j-JlaJI CjIj \ 4 <1 11 




IaLIIj 4_il£.IjlII 

^jl Jjlgj^LJI _ LJJLC Jl> 

JjI^S jAa,^ Cj\ _cxlcl ^_3 

(^jJt ^“IaLs .4j^2x-II 0) LijJI 

(J^lix ^J-G 6 VI J n-xjj GiLcx-J I 3d>^ 

4_>1 II ^_3 <juJLa_S Cxxul J a null ^ 1c. 4_Jj I 
<4_a_>l_ uulII 13 \ j _ uj _g 

H5N1 jjdh-AJi jj)—tKJI IijJijJAj) 

^“IaLIIj .j_lIuJI ( j_g cj!_1a ujL-^i _II 

_culjJI <->Lg_^JI 6J-A ^_Lc jjU 

Lg ^_Lc Cil J—-XOj^Lxll 

/ T) l^jjliLiVI is CjLA^x CjL-JQj 

<L^jLjJI <jLi-<jji^jcJI Cj lAuji^xlI ^jl ^^ai I j 
CjGjjj^jl3 ^j_g JjJaJI ^_3 dib 4 _uJjj 

I A ^ ^ 1 3 III I d-A (JjLG ^jl . 1^-3>J) 13 %)$ I 

l^ji^lkjVI cjI-cxIcJ (jt _ j JiljlJI J.C ^ ^ \ ^ 

CjI CjV^I—<_u^ 4jlg cu^-ll 

f-tc- ,^41 

Ijpjl V^l (JXIJjjS _LXI JjLs .^klLj 

2009 f.Lt ^1 H1N1 v^.wJ I 

^_Lc (.j 1 All ■**.!—. 1_ ljj i LJ.lt .Ljj . j » 

<K,v,oll S Jj J^x 4_SJ LL. ^.Ul <^LJI 

JiU-j <2009/5 

vi 

Vical JK-x 3 ^1 jjJI jA cjjA^L ^ c^ ju.^1 

^JXIJ(JJlL]| J A As I jjJI 4 \ 1 V\ \ LlUj-^nJ I ^.LiJ 


^Ulll IAa ^jl j_Ij .H1N1 

lJ /\1^gVIj < 1 3 W <1 9 4_gI J^XJl l_uLs 


(j-° —bj l)^- 3 


LS* o 


VI 


^ -C5J 


-UUI 
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I ^Ul 


<• (NMR) J ^ \ * a j IfiL a 4J^C i*. .a..a. * iJy^LS^-a ^LL ujo 

j LlllJI iZiljUal "'v (ZjI? LusjJ>! 4Aa ^Lulil ^juj ? Luu£4 (‘Co 


<^j"i t o jJj .B> 


£u^JI dt 3- 0 

3^» Anil d xV.J ^_lc (J^»d 

£ 

^ jJI ^1 ^>£VI jj _all I tricorder « T i 

Star J—caL-uil 

j_Aj] .P> £._o o-da ^_ jljI V| <Trek 

CjI[(^J I _«-»J djj ]£j c_j__llLa 

LAO j' LJ— 

L*_a 1jl\ Lcjlc <1993 ^.Lc 3j> a ^ a NMR 
^ olj-iijdl CjI^-W dS^lj (jxi^Lo a ^ 

5_il^_jJI ^_3 LjJj)^ CjJIJ . LuLLlj y\\ \a 

6 JjlLs jlj-oll £j \X 1^> jLl^l Si Jl 

^jjicLe ^ 3^ <d)du)j .J_L^JI ^_2 jA~\~d \ 11 

(( (0) Jl^JI NMR ^ 1 )) Jl ^3 ^ 3^] 

Jjjkd CjI ^liLaJ IjuLjjljLa ^ I uLi 

^ If. 31^^11 ^ <-dJ 5 _L-ojLc CjtalJaj 

. CjLjI^oVI S J-iljp- 0 J il^k3j j->j) x^il CjIj-LS 

( ** } NMR £|^j1 JslcojI 

*_o Ci I J-i Lo j\c < Lie J_ JllC itxuad* (JjlS 


ajIc 


d 


3 ^ A A ^kj I JlL^Ij LtxSj-a <^jl£. 

(JUjJU jJiJ^T lUI jL^j _r>jd 


pUh, „ ,xi.VU . (r) (MRI) 





L5^ ‘CA^O^ <i -^ Sju» Jjl 

" 9- 

(J^3j Sjl_cu| 3 I (j_^ 1 ^^>3 _txU I 

^Jl IajlS_ UJ <ILoj_i I Jj <6 JjlLo NMR 

dj^.3 1 3 ^ 3 v ^ Lrv l- jL ll . La „v."v 

^_ xajl^l! <bL^jL> ^1 <^jxi_^Ls_ll 

THE INCREDIBLE SHRINKING SCANNER (*) 
The Simplest NMR (**) 
NMR = nuclear magnetic resonance C) 
the NMR-Mouse (Y) 
MRI = magnetic resonance imaging (r) 
handheld NMR spectroscope (t) 
"mobile NMR" (o) 


MRI J-*J) 3 % >3 ^dl 5 julAjJI <Aju-oJI 

^LojlsJI 31 j_^ i Ltj(j-o 3 j _^ kii <I_ \\^^ 

6J-»J_tlJI <L^3llll _txdJ <\ MS'* \ A_cjjlLII 

J! 9 

3< 1 <LaJjuSJsl ^-call 3 jLIJI 

>=^i • j—^ c^ J 3^ o^j—^ u 1 

3UJijJI <1 llajJI £>JJJi 3 

< 0) (NMR) 

i I A^>^k i 3 \ 3-° ^ 1^1*11 <jlj^-ojlj ia^. 

3 ^ < J 1 ^-oJJ 1 1 A \\ 11 u ^3^I 

^Lo^-il A _>j) i 11 CjI _Cl) I_ jlujjjJI 

pL)—Cui 3^3-3 ^31 3^Udl 3 jJ ‘LgJ —^-^1 

.<juj \jdl ul3 ^.L-a^VI ^ 

Ij 3 ^^ ^ _aisJlj _iLa^l 31 VI 

I^JLoju _cut 3 ^oj <Jj) A^k ^ NMR 33 j ^3^“' 

^lc < IjJjdJi 31 —lxi jas .j—yikll 

j a £C_<_uLo 3 ^um 1 < a a <31311 3 jL f u - u 

C) 3-^31 ^-^1 J->J^I SjjdJI MRI 
dJjj <_i£.LoJ < 1 tlL-vj ejl ^ ^ 5 -^ 5jj-o3I 

. < alju-ul /^jl t t 1 j 33lj ^ Ljl) I 

>2 * ^ 

(,l xnm ^^NMR 3 Uj wdLdhua 1 <Ad I j It klj 
< 1 t 11 \ a 1 1 d ^ t < VI ^ ^ ^ 3 juuu ^ < < < « \ 11 

j 3-° 3 . 

( j^^xJI oVL^j < ^L-vlllI <aIjl 1 I <jlL-^VI 


d_i^Ll_4^ *uj&[Aa 

< xKj vLxlxJI J^lxIujI Jljio ■ 

NMR ^1111 h \x 1.1 3~*jJI 

^jLlxaSJI jJ-M ^LusdllcxiV 

.i 4TdJ 1 (j«A iijju jjj jl jxlLI 
l^.ut4 > l A i\4"J| ^LxbVl J^lxIujIj 
jjjx<aU| OVI ^ 1^X1 lu.^ (jA 
4_»jjj MRI ^y> xl \L*uxXI ^xjjJLi 
.( jlxxU^I Ja.|j 

0^1 J NMR <jU^Jl 0^1 jl VI ■ 
<13J 5j-uS <MRI jjjxaUI 

5J^ -a j^jxxLdl j^b 

l^-iiCr Jlxd jJl£x^ . 1^3 
,^111 ( Y) NMR jGjJI SijU 
a<^;ii L^J pUtthl 
OljlLWyi ^ oltL\fc 

jl^VI <jI^aU 4a4MiiVI 

. jj_iAJI L5 i£. 4JaiL^Jsl j 

jl 4xijLaJI jSw^uj ■ 

4_uxxxh3 ^xoj j^^bu 
^Uj ^xxiL) L^_L) 

^jUI SjS o^V 
<Lal,\V‘u<i) jSLsu 4_i5Jj^VI 
.4 Xju-ix 3 kjLxxul 3 jLluj 

c jlSj^af A i4t i iLuj Jjj^a 
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w £jLcuJI NMR j _>^11 

4 L* 11 d _1g I_IjlLslj J_ Ll 

4gGA_G <1 LXGaLl. 1 jLll <_l/2L 


NMRI cab 1^).^.I ^_a4 J_ojlju_u_o 
.T 2 ^jlojJI cuHJIj uJijjLj ^LLuJI 
NMR ^ j\L ^-LkJl JJ-jJI 
^jjJI ia jJI ^JLlII ^£jl_*JI 

CuIj jii tlVia ^ jL.lj 4gg£. ^ 

Li_ X '< \U\4 A M W J _ IjG ^_-X < ^ 

4jlgLjl!I 6j_Aj . I_»^3 I_ cujLJlg 


<NMR jojJI SJiLx ub.jlll (j-aoJ 
<(£GuSjUfll Jbl j) J^A">0 j |^ Jl^-3 
Ciljj j^jla j-a] <$SgjG 3 .D .E> jLL 
^.olLUI cjli-Lb Jgggg jG H Pratt 
iLuJiLaJJI 3^,jlllj ^jxuoJIj CjULAgJI j 
2 U-v 11 2 ^ ^ II I 2JLi. ■<t ^*\l 


Jj-o oLyo-oj 6j jJI ll^J Jjl <AaAtv Jag_<_oj 

CaL j^gjgjJI j 4W xtill 4 jl^jJJ Cal_Ji^GJljjJI 

2 j* 

Jj^ spin ^jj-L <joa_o cal jJ ^_a (SjgLJJ 

Jj^. SjJLS_i-oJI LgI^jJI jj Jj US I_AjjL~o 


JogIa .fi5t 4 


uao La I j_Aj 


jlSg 


^JL_ uj \(j\ _JaJ Cal J Sj _lA 4_ uLlx-sSlS 

• [-24 u — ijLjltj —k«'/] 

1 s 1 q L < ^ V | J^ 1 ^ ” <Lo 14 < AqI I L \ L I I < *1 l ~ ^ 


JajL-^ SjgLulg ^£j_aJI ^ x<m)Vi»11 JjLJI ^_a 
V ^_ataLx^i^fI .^uiilViall jL-oll 
spinning <LajaHI (£^111 (r) jjLu IjJj <LL 
Ja jItA Jj _^ <spins CaL-au^ jjJI jl ^nuclei 


4x^aljJI 


1 4 Q t ^JaG jLdJI 6^—S 


. 4ggg 1 ^ a> j^ Q 1 ^ \ L_ jJ^jJaG LcJjlC 4 a 1 \ 11 

a* 

C)l JJj-i <xA \\a JgJag cIIg C^a JJ I jlj 

iilla ( j-sajLOG <_aj_ cg l^ola 4 (i) (RF) 4—l^GjIj 


Conventional NMR (*) 
.6j \j-^ j CGiG Pixie 6jji^Vic. (^) 
^jlc. <•% < i_ih 6j-i£- jl i_xjLxtaJI j-o Jajj^_o <tOp (Y) 

. jb^aJI <j jjuUi 

£ * * ** j. 

o^-UJI jAilJI jc. < aKJI jIxj «JliJI LS a <precess (r) 

^3j .<bUiJ| ^.1 I <_)jl jJsl j| <_ij|jjjJI oUa_ t-a jll 

.jljjJI ^- 1 u-N 11 jljjJ jjdi-o 6bd JdjJ j£, ^jJLj oLjjAll 

<-al jjJI j2 jj)~^ o> jl jJb ^Ull I j & Jj) 1 s~i Q 11 j 

<L ^ u-° ^ JL^ JJ^J 

-gJI ^giaj^ Ci 1 \ t nS\ i\ ^ Ci ^ 

j«precession» J >lJLo «SjjLlo» JUaj col <jj^jlII 

a^-Lo ( _ s At <1 fiKII jl jA J^ol dll j (JjJ j 

^jGojbAlj ^^JLIJijJI j.-lljl£.VI ^j-S J-c^-^o (_£gJI «Je-call)) 

joAG ^jJI j «<L_o ,J]£ <j_co<_uIj 50.23 jIgLoj 

<icl^ <j-CO fcjl JjLo (J^co-till JL*. (jbjVI jljjj -a 

«SjjLlo)) (JLft. 3 G.c 0 1 jj^-» jl j^-o-» ^ 431 II Ig^-»j .<Llco 25800 
4 ftKII jj5b JAS <JU1I 6 jjft jJo^a(_^aibo L«cl 3 Lol < Vj ^ ft 
. AftljjJJ Jo-^aaG ^1 SjJbUaJI jc. Ij \\*~s J < A$l «^tjjj)) 

radio-frequency (i) 


J_iAJUlII 6JgIJPlo NMR J/_jj ^Jjjl_ jl3 

^Lu-L^fl ^gg J^c <jjLajJI (J \ x^Lalll I Jgj-o 

jGjJall <JgI _coJI Lg^jL^-o (jl ^fl . 6 jl_IIJ 

Cal^- ogJ^gJI jl^-l MRI jrojJL j x<gaj Ca 1 aGAa 

si 

JjjaJlj 4 <aK1Ij 4 xa-b xball JaGLi-ll J^l inxalc 

S! 

Ca_ <-ugJ < La jJjg ^gJI 4_coAUIII 4_oJallll 

. ^e. a. LJI j ^ x ^all 11 Lo IJ 4 ^jj) j 1 ^ 
4g _cxjuJaGA-tl Jj_JdaJI Jj| I_^J| J_La 

Jya Sj_o 50 ^Jl 20 _» 4JjA_x-aJI 

jJlCj ^CaLac*^I jlII _ajJ ^gJI ia jLlII JJL^. 

4 J 2 UJLII 4_ogI jJI JajLs_ail 4 _cug 1 ~\’ilI j| 4_oJajLiil 

jJlgg CjLLg ^ggg Jj I I_i_JaG I {J\ a 4 _xgsgl^jJI 

. SjdacjJI 6jl_oil 4_aJjuLil _la Lit _<-2a^j 

A \ jl_^_a>J j\ x.^^ a <^_ojJg> bCj_(_cGJ 

^_S 6jjd^.jll 4 g-cgLgWI CalojiAll ^JaAG J^| 

qyj hj^ (j— 0 o.lj pixie %jj_caix. 

jUlLgA-O 


jolaJ-x_uG LgI I-jjjLj .(_^jl-C ^ 

(»jj-cgL^. SjLaS dlllAj LlA jl^-jJI dilj cLj^g 

1 A LlQlXX) I jJj ( 1 \ \ < m | f, It in | i<<t 

4_lo _cull I (jl 4i4.-v^Lo <NMR (j-ujJI SjLa 

^Jj^l d_aj^.^l JjGi 4 jj!^G 6j x^^^.11 4gjgKg^I 

nuclear magnetic resonance mobile SjLaJJ 
^wnll (j) universal surface explorer 

.NMR ^JL ^IaJI JLH1I ^^LxgII 

4g| AjLI I_lcl^JL^.1 ^ggI^a j_ G^| 

J^Laoi Jx^G (j) -al 

Lla cLj^ll _<_u 4_1 ag^g La ILaj <£all 

*7 

<4LjJlII ^jj^jJI NMR ^\1 a\ 1 La^LLj .cJLlAj 

^ x^a^fl (jojl-Li I Jxi-^G Jjl t_J-ilaGG ^ -ill 

jgjlLII jLaJI Jj_c JX is~> I 1 J \ \bi 1 Cal_ IgaJJ 

Jj^qg <4_Loag _coil 4 gLLJI JLgIa-II v_L _aj^LaJ 

L^_o ^,ui\ ^1 jcla_cu LoUal ^ \ xAJG 

.4_L.Ijg L 41 4_gxjILg 
^■ xii \N\jtll Ja^.11 jg JjlxJI ^jxoLoiUI 

** 53 

Liji .<K Llo JL NMR j/ojJI _a 

^Jjg _<_u <dJl jIjl^. La_oLJI cgLJI CaLj)Li 

jlf^JI (j L J g-1 xb^all ^-1| jIIj 

.LgLloLJI jl^Jsl JgJLo jgj^g Ij^L 
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[CjLu-uLju|] 


W NMR jo^Jl Jss 

jI^XI 4_jLLL-uI JjJajJ jSoaj .3_i^aj |j OlJJ ija CjLAuj ^n-tbjJt a JioJ g-Lui^l NMR joijJI 4_ilia j-ojJ u 
j ruo. L^ijLud jl Jaa4 ,ja (jajLaa jfcj SjLaJJ <La^SJll oLlajoJI jfc t l\*\\ jl oljaJXI dJaJ 

.NMR jojJI jLgai, j^ MSLtij (jLxl±II LS J) Q1. \4u<VuxtXI ^ 4o^-uaJI MRI jo^JL» jjjaaaaJI 


(taps JjMJI) daUI jjJI Jia jjLuj ... © 



^aja La laA^ <33a3a j^Sa V alaLa-M jl VI 
Js^la^. j^UXI jlj^a ^11 (j) ^jaUXI ^11 
4S jjLxaj ^^all ja £^a JSl aaji aa^aa J^aJI 
^ 3-iaLia.iS 





Jj-al jia <3aJijJU CalaajaaJI jj^O 
OlaajUl 3iLb <3_ialjjJit 3_>_iaj 
^1 a^xaj 4 x^lLaXI (RF) 3ajaaljJI 
.3 tl.^VI L^aLaLdl 


... 4fn \* nt,l diL&jjdlll eiL4Kt^>) © 



Via*. NMR jdjJI jl^aa. jiba Lsss 

l^ajaaJI £jaa '•* 11 L5 J £. i s,., sU\iA 

■b^va. £a LijjLaa Slalaxa ^Jl ( LJsumj) 

•Ji=JI 


<Ujjj! jJI CjIjjijUI 4aii 4dLb |Xj ijjjJI 





jAjaa (jo.jjAA ja) 3 ola 

3Sja*. jl .3_ul yjs CiLfiLaala LijjLxa 
(oLujaaJLi ilijjjdsl) 3~i^i Till 3_L^jJkl Cila^aj^aJI 
. 3 j± X u 2 > 3aaLad>i .baLia l^jiSj id ji rm I (j In aa 

<Uj-ij|jJJ diljJ^UI 4Jlis jol^ul 

© fcn.ii nn jjj 4X^ao © 



.<dja 180 -> jaajaall caVial ^1 ,j^Lu!2lOVI 
l(j i n4'i 3i_ijisJL) 3->jaaljJI olaajjJI 3 ^Al’u jjUj ^111 ^ j-JI 
ta^alaj .3a^ja 180 _i ol<Tnj 3. A «MI 3iLb j^s k ja. jaliu 
dia jt 3^^011 3 In'lit t. La 3 ^j_aXI 3 jLii^l jL^aJI 3 -xaujj 
• oJ aaiLa ^1 l(j Imijjj j^ajaa 3 jjLxa olj II 



3-ialOlALOl ^ 3h‘it At.I CaLaajaaJI jaLaa 
^ 3. i >-1l u ^ Jjoj ja laaa£.J .^i njh'tit U JiaJI ^ 
<3x.^AaJU ^jJI 3ajaalj olaaja 3^Aa.'> NMR Jl^aaJI 
jalaa ^jaa V) 3irnMI 3JLb ^^Luaaal £ th"ti <i \ V 
.3irn tMI aaja jliaLba jjbj Jaat-aa 


^■itKil JalaaJI < I ja J-2iO Jj^lj 

6^jjLjLC dal ^uLlS ^ IC. ^ ^N!MR 

(Ja^JJ (^.0.^0_<_UJ I_Cjlc <_ojjlil _ill 

CjIjJjJlII dal i A \\lj 1 ^ \lc ^aJqJsI ^-cuaLlaJlLI 

j ^C. < \ \C- 1 j .<ji jjjljJI 

da LojjJjJ I t <iJo is~Ts < I ^_A-ta-ilaLaJt ^ 

How Nuclear Magnetic Resonance Works (*) 
NMR spectroscopy (^) 


daljjj)la Jjo Load I_ Jjjuij 4 , A \\ll 

jljjj daVj—a-t Idij <u» ^ 

NMR jyUjyJI t_AlU -uaJ ^Jl dal JJ^jlII 6 

A \ ^IdJjVI <JjldJUi i^JLOa-O ^od a Vi ^-1^- 

dal r> is~i \ 4c.j)r>^N. ^ ^)I^C ^-l^. ( l^JLoJLa_(_al 

i^LoaUI dal £■ -j)£ l^X I J aj-^oJ ( ila-asVI 

dalalajJI 4 ^ 11 * n 1 < A \l ^j^oaj .4 jul3lU <aj5vil 
. 4dJlioll jlj-ll jJloj ^jJ^JlI 
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w J>«i*tlNMR 

" JJ) 1 NMR £}■'—»ijJI)> 4-iV4l JLa. 3-La. 

2„ 

(jdkabJI j .3 jJLiS fj-ujLJI 

:^_lo (^JLsJI e-Labi ^yi-a. 


PAUL CALLAGHAN jUV^ 

/jlLjfJ-U ‘ t- J JtJ‘ £*-4 ^ 

<JlJJ^_<_UJj^_!lO jAa ClljldLbl ( 3 ^ 

<NMR <>jjJI microscopy 
dibjj^ <LujI jjJ NMR <jb j Jb j^ls j 

£j "' -vl j £ 4 _loLuJUj 4_i_lL1I j| 3 XI 

(» q*L 1 I ^Lia) i al 'L aU a.vi.k 2 1^-a^-a 

^iaJ/) . NMR ju ( jJL> spectrometry 


EIICHI Loju-u^S^i 

FUKUSHIMA 

New Mexico j<j - ■<<* jj «^ jj j^j * 
Resonance 

jKl^X AJ-Lj 

J-ilabJ NMR ijdj j£bl 

£yUJ Cibldb J^ls J <<U Villi ol j3jAloJ| 

. S J-Oea. Jibb NMR 


ALEXANDER JJub jbjbuSJI 
PINES 


< LijjijAJId <a-o Lz. 

ijbjJI oU^.'u 5.U.1C oIjISIjI Jodi 
JUxlcub NMR (jbjJI ‘ 1 d ** <NMR 


NMR <jbjJI oLbbij ( J3I 3 III liluVtl 
Jjx-lius JLuuL-ub CjI jluj^l <JJ&* (^Lll 
.^jIAJI cjUaio-u^l 


J^b (r) ( 3 JL^ Cjbj J ^ 0 ▼ 

(jj Jl) <jb&VL£> oj^e ( 4 >lW/ Lf J) 
Cjbjlb .M> j Lu.ud !oiLiX b 4 Lxlolj 
^ j^a-U 2-^3 ^3 • u 3 j^>I j^l^bj 




jJI CiljJjjJI <U_u_uj 


Jo^a^bll 4iali d ',,, •,U\i a Cabla. 


Tl jJI CuljJI 


SjjLd .1 CabujjjJI jlbi 
Siu^s^a) 1 ' ^ 'j ' ' j aI j"' 11 
(T 2 CubJb 


4->jjjIj CalJJ ijJ 4iLb 
ObujjjJI LAjj_a -4 

(Tl CuliUb 


◄ ^-jQj 

JS L^jjJiba ^jJI 5 jXI o 3 <-uLaJ! J^mn 
4_>jjjIjJI 4iUaJI jjj^abJ jXJjjjJI j^a 
LAal jl^aJI ,.'j .(Tl ibsLbJkl 

L^bljj jlij Lall-w SjjbJsl CabujjjJI 4 _»il 


^jLlooS JjuLab 



(tlutVi CiijJI .(T 2 ^^ ) Lul JjJjt 

Ctlfc^A-^m Cabujjj 5jjb^ JJjJ ■ ■■"' 
4_ai 3 4lt (^jJI 4ilLaJkl 4-ubAtSJI 
^bjj^l -^LlaiSJI ^bjj^l ( j -aoij 
^ i ,,iW\* 11 (jojJI <_jblst DlhKb qu bul 
4-uLlaiSJI CjU- 3 ^X 1 JJ-a-i ^Lll (j 33 III 
djjdAjXI dLLi J"^ <jA £ 4al9lL 1 4djdXI 
' toluene <jdiA£ u3^j^3j 4^-II 
| * -' -^ "'j .(^jLlaiSJI JaJ-adJI hkb) 
CibLuJI dLLi ^u-\ NMR jbjJb 
<4_lLaIjJI jAcutaJI ^1 n*i 1 Ij3^s ^iViI Lxa 
. (d^UL d !jLubVI ^bj j 3 <-^ 


C Lualll J-oC <j- lLj dj-o 

l^_2jJLji_CUJ &jll jdfeJ <5-S_Jail ^ILklll 


<jljl£. J-Q 1 11 _<ail , 

. ^ ^Jl <> W \ I 

dlJLo_>3jllil <lo|jlil 6^)jl_ill 


PIONEERS OF PORTABLE NMR (*) 
^.-vaJI jj-® ^ 3 ^-L_uj (jjj-bJL 4 n m) (Jjbu (^) 

• CjI jd^illl j 4 ii \ £ \ t/~> ^3 Llj j_o ^J^ad_<_ujj 

(ja^abJI) Mobile NMR Probe (Y) 


JJLjj . Lu^j ^j^aJI Sj_jL_aa 

<JLJ| Juj ^->3-013 CjljJjH cLoojlI] <1 \x II 

CjLojjJjJI j jl_ u ((4_ijjjljJI CdljJj_iJI 

JjJLJj _aljpJI jaa < L»_c <_ jlcI^jLc 

^Jl 6j(3*JI j A \\ A^^fl L^jVL^. 

Tl 6jJLO-o 6j-a < \L^^fl ^Jjlj_ill <JU. 

l^JuaajLcI ^aJI <jalLJI CjLojjJjJI 

diulill jl 6j_LI) <j(jjjljJI <xA\\ 11 
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(JauI Via ^unFn* a Jis : (^jLc NMR jt^a. 



j-'M -^"' ^ j_ii. ,. 'U~'< a j^s. : NMR (j-Oj SjLS 





JLaillj ^jUJI :NMR qUjJI c£jL$-^> C£i 3 jI > $aJI ^ 

jSLaj I jJj <h-gjl -Via I u n ihla a Mis. ^jLaJI NMR jdjJI j'-^ 

• 5.Xsl^ ia^ajlj CilaajJ u 3Jauj|^a T2 ^^saj CuLa djlsul ^saa jl 

Mi^. LgsM p^jJjJI J*i j< ih'ii n'i Mi NMR <jdjJI Sjti Lai 

jsjijSi-Ij T2 SjLujI j< ih"u <n l$j1 M) .(jaiaLssa j-ii. t .,,. <U\4 ,-> 

^-aujj CjIjUjI ^-Kx") ia9La_La iajajlj CaljJja CaLuaaa iiis_ul j_> CaLiiaJI 
.ajsia T2 ajLJj] ja^SsJ t- 1.osMI oMLIsa ^ i a V iajau j^aa j .sdjaaaMI 


[JU11I j|jXI j^LT^a] 

(l> NMR (joj jl^a. Jjl 

<L\ \ o) NMR (jojjJI Sjti <^1 <dLlJJU djj^is (Jj —II Jjoai.1 jIjXI J—l^o 
ol JJjJ iAa—Jjj L5 it S U eij-a. JSdu j<nJVdt.a j«o (^1j-lao Sjj—o 

J&aJI -bjiiA SjUI >j 3 jl^_sJI jxuIuooj .<Gj-v<i iLs^jjlj 

OliLcxo jl^aJ) jj I* mt.l . 4 _^jjIjJI ol JJijUI 4 x u <1 j j ^ ,,.iU\ 4 tl 

. 4 ,i.l‘\-o> ^lof .1 ^_Lk £ol jjJj J d Vt-I ^dsusJ| (ja 4 iHa-a 


^UalS. Jl) is, jJ 
(4stad (^jsj 



NMR 2 / L 4 j-ll-* i^) v. * 11 Laou-uV I i 

^_i£. 4 w a 4V\a ^ (Jl axa t ajI ^ja. 

4-0.3.a CjI^LcjjI Jo < * < <* * ell <4a_ajLaOL£ 

jaL .echoes g|j <^>V1 


^sLJI 4 jlju2ujJI ul^^. J-oLaJo <<_ctoLaoll 

4Cj m\ 4 i A illlo ^aJ»j 11 

r> \ <Q| VI ( I j__L<oa j> is~\ \ 

I ol <LS*j \*\ ^JolaJLi H J-3LJ 

^jJI A e a^>V 1 (j_a <J_i-aL-u pi oil 

& I J-u5^ j _ LslS «>Lal»Jl A \£\ m\ Lo 

& 

. 1^4^. kiS*X // 

lei j jlUiJl ^s Lr iJI ^I j _o^Vl oVlls^ 

6jLi K ^ ^ A C£^_11 T2 ^jlcjJI Cj _}loll 

. ULI l^jJLO-O ^-11 

2 9- 

<JLLli T 2 ^JuajJI o_ilill jjoe jAJUtj 

The First Miniaturized NMR Machine (*) 
Riding the Echo Train (**) 


^e lojLo-o I OLI 4 ji ui xLoJlII 

doloJ leij j-oLaJb the coil 4 x t< iijJ | 

j; 

eie ^Lol jaojjjJI _11)- 5 ^ 0 - 0 T2 

2^ojJI k_ sLlLi 1 (2HJ^I3 • L^o-odLajjjiJI 

S3 j, >! £ 

J.Lvi < ^ojljj 6 jlll * \ \£\\ \ ( 2 r^ NMR 

dlil-O ^oLo ^-O T2 ^ Tl ( 2)1 XXOjJl (2)lloljJl 

6 >iijt a 4.0 Loualoj ^_o_<o 4I2_<_ulSjjLdJ 

4 ilo^ , Jliil Jjlju-u ^ If- <(^aliiJLxjjo 4 eJjLa-o 

eib < 4 \ ta.ll 2^ ^1 j _^e d)Lo->^jill 

.^sjjuaJl ijjsa 2^1^ 1 *<o 4 iloill 


lo^ljjl lH2>^i (3^ 


.aoj Liill 2)1^ 


(^e T 2 ^—i^j-ll doloJI (jol—ai 2)1 

^Lc ^ iQ . J\ A C\ ^Labliil ^)-LC 4 j_LOJlLsoJlII 

jjl^_ciJI L$ oL2)JLeJI] <2)1-A .L .E> 2)1^ <1949 
2)^0 4 j| 2/_^ di [c£L9_bJI 4j»_oLa. ^ 
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[JlSill NMR qujJI oliLOsu] 


NMR jOjJI AjiiJ 1 olal J Vi< «i| 

4-afcLiesJ 4. i^lfc oU \ th"t Hi ( uUjUI JUVi .^Jl 4ALAI 
jjlaJU—oxa <JlaXl J \\..t jj L5 i£ (O)jU— ujJ) oljUsI jxlcsoi .NMR jojJI 
ibjlji^l oULKLl LuUu'UI o—i£ljUI j-ijoAj j_»jd^caJI 1 
oljlb^fl L^ia £us<\ c5 _UI 3a V\ ^ 11 .bUaXI uLiSa Sj—uadi 

jji i^uaU) jL-^Laj V .(joalla d^LaJl jiui ^—3 ij) 

^jL-xJI NMR joj^JLi ^ xhHl 
j^ <La jo^i jlb^l j__j^ cdJ 

^-uufcuiJtl JJLJI jV tffcUail 

<La3VjiJI JMujVI o ajJ(^ jJI jUI 


v. 41a jo ij .j__»i^uaUI ^cAlli lajojoJl L-fl, ix laJa oj—Au — HJI 
<<Laj-4^a jl^All ^AuJl jj-<AJI ^ t \~4'\ ^ £jlaJl jjj_A,1 
• dS jJI £4 < jdlil LT*cWs U* 

Jaa.jJI ^—ouljj ^ NMR jd^Jl Sjti l.,„«Ai1 oLa-LxJl J,axA...< tilj 
Luja. 4_ul All 4.^ u~4JI j^uaxJI oLo^a <Otzi ^jaj 1 (^j-oloJI 
(2006 ^Lfc .1991 alfc ^ oJ¥l J 1 ^ j31 min < U \<,I ^^jJI 
^j-lLaJI J_^jJ| jJLaJ L_AL_A j£ I tin? a jl (j^ll ^ < nj 

dJjj ,d -a^ -a^ II j jlaJI Cuii La ^ u n'vlj A ga-a. Jaj^HAI 

.LaJUa-iLi jil jJ^-a ^ jla^l s Ku 


^J) djUoJI jLblj (jyuJI^J) jjlaJI J^.j jxuJ 
jjujaj sj iVji jo^i (j^uj 

.NMR jojJI 5 jUlj 



( ** } NMR <y±jS\ S jli JUxluil 

^J-O 6 -LslLiil 6 jLc Col^ 


iijL^o <jlaA I i 


IJ I—^jV < UlA—«-ujj 
<juJ .CjIjL_ojJI Cal^UaJ (Jjlo CaLioll 

9- * 

j->J) t^"\ 11 Lfl X A J-AJO jX-ca^JI ^nU Jixi 

iaLLill _ ^jlj .£*l_ ^Jlj MRI j/_ 

<JJj^x 1 Li 4 _^_u_Jj <li^La J_ ojJJJ Cj I_ 

jbo^l <_o^Li <*\ \ A Vi ^_S 1 * A U Aj~ < (^Acl ix^ij 

l^LS^ JJO ^iJI ilSlj_ lLlxJI CjiLi-^jJI jya 

\1 <U a. ^ ) !*♦<! q \ \L» \I I ^ a j \ \*\ ^ o 

J_aILx_sj . 6 jl_ail icbJI <1 jIjLLI JJ^Li ^ jJI 

6 J J X \ o Cj Lsuk i^^JLi ^1 jl 

** si 

daULi£j f -1 i i^v 11 di 1 j 1 Lai 1 d L^_c 

JjdLLLI < 4 ^h\il 4 ^-il_tolil 

(j-o^j • 1 »dLi^ 5 Lll <y o Lojls iljLill 

jLlL^.) ^1 < 6 jlc <<^.L^. <_oj i < 

Other Uses for the NMR-Mouse (*) 
Using the NMR-Mouse (**) 


.^L-OlAj _ oj^I JjlS ^_S dLoj^JI 

l^ollaj^. ^olaj_ <_oj ^_HJI^ <_lalll 6jl_U-S 

T2 duljLi »_^^_ coj dJj^oJI 

Ul 9^ LT^O 6jUI jji jA^. ^ 

t ^ A^Ti _X A A1 dLi-ij-^Jl A 1 j ^ 

^jdldi UKJ . j IU-OlA Tz 

53 ^ 

dijJLXJ <6jl_LI J_LXJ j I _aUoK 

<1 jJ . dLa J)\x\ 11 <juLijjj^JI <Kjj2iJI Ua_il 
jj-C dL^Lu 4dJliJ.I T2 ^JLAjJI d-iUll ^jlS 

dI aU I iaUiI dlj 11 ^ 1 Kj ^Ljj^ 

6 AcUjuJJ L^JLaXju-uI ^J\ a i ^AJI jj-i l A11 
^ ^ 3 " 

<£lolil J \C- g_colli ^JalA-o j \ \ a 1 ^ 1c. 

.dJI j^dl ^ 

^Jl _o^J_i> £. o d lAAll 1 ojAc 

LoliL ^ RWTH <d J^d\ 

6jLa ^jj_ol (Jji ^IAlaj llld < 1994 ^Ic. 
lAk-cV joixa dl_Ij Jjlj ij .NMR j/_ajJI 

Lajld 1 \1 aAJ <j)l_^-^>JI A)_° 6jl_out (Jji 

jr Llil ^ —lc I—(jl I— 

^j)l^>.1 ^iJI jl^il a>^ dtaUkA—i_ul 

«_j _io^k 11 LU_oJ < Ua^AA d I_a^Aj^a ^_Id 

^ IKa A) U j_aJ . 4A V j_All I ^ KI_Li I ^ 

I jJu-OlA A)Uj t Mo^La jljil ^)Aa_x_i ol J ts*> I 

oUodLcuLi Ad La idj .^j^.i jl^_a 

T2 ^AlcAJI da-iljJI jao^ .Laol^A A \ A K1 ^^Aua 

. ULa^-O-o ^1 jl jil ^sAUoAao 
<jc i-aAAJI A ° A J c d I J) i —CO J *_ij 

ArAL^cLaJJ < (A al I ^ALulI A>o SJLaAccuMLij 

UcoAI AyA-LlI l< -^ J> J <1—F> 
uJlkll ll. ^^1 <RWTH Ctjdl ^1 

f^yd Jj) All I <1_t-l S-w a ^ _aj (_jJI 

.UL 41 axA Jill NMR ^Jl 6jli 

^ Ai— ci ^" 

J! Lf 

d4i 


1 - i - j - 

JJlUjJlII JA^JI L^Ala 


a U »_>d^A <Joia <AlLa aII^A 


^-^cl A)VI ^LoA j . ^A_a ^_aLij^K ^ 1 i 

^_a J_ajlA A^^ >'I IdA A^ 50 ^]\ 40 
. ^dLxJI 0U0 I ^-JlAl^. 


45 <LzJlusJI eLojjJf 
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Jfflajallat 

Hl<0loom 
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2010 jaaujjij j 






microscope (j^.^1) ^ jkjJl 

ji ^ 

J-^.1 (3^ 6^) i* ^ * ti < 1 ^vloC. 4 jLl£^ 

j ^Lcj ^_a 6 jjJu-oJI ^juJI &J_g_£ . 1 ^-jJI ^-aLuljI dxki j_£ 

(SJ^ J^j o>^ ^ (sS^ 

L*^LkJ LaLoli <^_»LJjlx> oLaj^JI j j 1*1 ^_a .<jlLlJI SI 3 * <j <Jju LcuLa 


d>-U 


L LJL^ <jl-^J 1 <j^LaJI qIjIj) llj jjjjJ^JIj t a.-s.l^jJl 

LA j£J .Sl^jJI ^j-O aJj-'VQ jJkjJI La^LL I^-JlS ^^5vI ^1 CjLlaJjJI 




^vh« 11 <L^Jj-Cu dut^ d£-S L*^Lk. La^LLJI 6 J-A (j(J^ I ^jixJsl 

4_aV_£J lT 3 > 3u^JLo ^j-o (30^ ^ 4 a ui^l jj) j\hc 

jIjI ^ jJI Tyrannosaurus rex ^yuSJj ^j/^ju Ullj 

IJ-^. 4_JjlA dul^ <j»j)xAa 11 Sjlil I jvlan x7i — <ju_u 1 67 jlxi 



(J"° 5-LjlsJI 6jJJ 6J-A Jli L&Jjx^j J^init 


BLOOD FROM STONE (*) 
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c5 i& JfcluaJ ji jSLaia j|3U ajj}J ■ 

o jIuj^I 3 A La Ja-a 4 -LIujVI jAxa jfc <LaL^I 
uijjlaJI ^a <Ui Ct4iVi (^jJI 

2 c. j,,, \ oj^laa ■ ^*< j A j s 4 "< t 1 2 


_ jLAi^L _ 

JI3XI ji ^1 jaa-ua Saaljla dAljj-u ji ja£ ■ 
3 iaht I) LaMaJlj ^jJI Lalia Jla 4 a3Ax.ll 
Cw\a L&J3A3 jAkua ji jSLxa ca-lLaJJ j 
.jUxxJI joMt, ja3Li,VI ^ iL-oL^. Jajjj-u 


J^Vill) jiALlI 4, ilax 1 2 \ \ \ la *i II 3jij-Jl JXa ■ 
4-a 3 Ax.ll jIjJU ji fossilization (j^LJ ^1 
<jjJLXLLo Lal&a IsM 4£jla jajJI 3 a (< _ 5 _U. ^^iaAa 
.4_l^ jai, mineralized 



- Tyrannosaurus rex j 

data daa 3I MOR 555 555 jj-q 3-ula j^xll 
c_ia.ljJI jfc JcaaVi ^ak 3A Big Mike 

Calj3<-33aadJI d ^1 3 A 3 < Lift 
^ ^aji^Aadl SaUI 0 x 33 ,^1 aaaxiU 
.4_aLLa£ 














daljj)jJI Ltj . CjAjJI dilj ^A &jx^SLa Cu5s <d1 Id 

<_yj_g J Ij^Lk. l^J I 4a Ia <4a_Yja *)! 4_y^AA CjLjI^jl^. 

< L^jlo J-y^GlILy J Jaa ial_Alii |j <&I^Ja ^v.cy 

^j£- Cj' -dij Jj 3 ^1 6j_& 6 1 *J 1 aAj 1 

. 1 1^ ^ I Jljl V ^ll I 4jga»jJj) y ^ 11 Cj LlLojlJ I 

Lu-coj ;v\ ' K 1 \ \c. CjI _J 4aJUa Cx& < CaA ^-11 dilj ^Aj 

^UsJlI <1_ Y^aaJI (jJJjJl ‘ ^^^J 4AaLa. _ Q 

C.Y, \ IJo ^j| J-S-iJ .S^JL^Jl y_o jl^JIaj Ail jj_ 

LlLsJI CjLggljjJI 4jJlaj 4, yKII ^A <jlj-ujjJjJI <jljl^JI ^Ia^cI (^\j 

^J| 6 j-A C.Y I ts~ij i J AY^k 11 4a<jaj^.Vl 

jJlALcJJLO d^.| J jJLsL^.^fl K 3 ~V*Y AY ^J-Ual] .J> £_cL<_<JLO 

jXJu&l JA3 . [cjlj(J-<-0 ^IjjJLj A^i Vil 1 jaJLsJI A ole 


(d)ljl ^a-~Y A ill! ) ^JLaL^.^fl ff-l-olc J-oA <4jU_U 300 {jA Jj& I Ja_o 
£Aa VoaJAll ^ Uni a,11 ^A 6 l^JL ^ 11 CjLo^JjlII I ^_Lc. 

UVllI jkill A_J_A < I 1J .-LlAS 1 K_LAJJ ^.U=L*JI jjL.yy ^A 

^ I* 

4JI^JU) QjWd <Jla-ajLjlo c_Aj>jia ^A ^jlj) Y^>. CJJ-ca Lo JjlC. 4a Ia 

* ** 

4_lklc ^jjls-o <4algill < J_Vi <fossilization ( C5- 1 ! 

Jlo — 4 'J , 11 £_ Y A <j <1 U 11 < Y Y Y 11 O 

<Jula-^^Ij g._ i-aa11Ij L^LkJI 1 ^ yxy _^33 cj!_ 

.(jjLsdl ^J-O L^_Lolij 4 aJj_o LoUaA 4 ^jIj — CjUljljjjjJI j 

ji.Lc j4.L»| ^j_o 6^) y^ k AS-J gAL^lil ^jA (JxlL^.1 £x& I oAjlAj 

^ c^' C3—^ 3^b 1992 

^xic ^^A ^ <_uL_g^l AAjl»_II dUj ^1 jJ clu Lo ^j I AuS 

— LojI J 1 Y ^ A^> aA 1L> V ^jl ^ Y ^jaL^.^1 


j^ *Y 1 1 d yIaC- 3*< Y ^ **Y L O Y< 


l—ciSai (j£ L$Jj^ ^4^ AxAO^S 
* ‘ yd® ^4 d-L4-c i jLAl 



uiUiiS^I 

Sj^AVl ^J| JjAi jaJaJt I ibjlxJI i jiAJLi d-ijlLa 
lA^I jJI ^aJafc j^a SAiij jAi jli ( j(| 11 oA 

jlAi Cul£ iAJjXI LfilLa^ j 

■ jajJI LMA «Ucuj ^A 

The Textbook Story, with a Twist (*) 


^ ^ jl j H ^ila 

.jX4jJI CiMSi La 3Ajlaj ^Au 


jjJyjIy 3jj—4.-A.1 ^1 oLiljjgaJI J-^.1 ^uAi 4 y4yA1 ^.uU4"J) cJl-a-sjJI k _ 5 -A 
.^UaxJI 4-41 Ao j-laJI l 5 -J| 4-JL-al q^L-lasjlIIj g-l— a ua.V)j jLj y^l degrade 
o 'j > “~ v; j ^UA*JI ^ 4j^ajJI CjIAujjjJIj LMaJI Lusul jjJssxij 

^ ia-y . Lljg-Ijj l(j,41 Vi yill olxlj&JI ^1 L^j ilbuLaJsl oxxiljjJI j-a jjlx-a 
j-it . L5 li-aYI ^laxJI jjl—3L4 «L» ilus ^Ai ^1 VyL^UI ^ i d—lj 

3j jii soft tissues S^AjJI _«_A»VI j oLAuj L»MaJI jl 

LaLAi ^-iAi ^ j4ViJl 4 —yIac jl jiAi <4fc^W 4 ajj4 

luj La laLaj g-LalxJI djj y .4—aaaAy - «j 1 > <■ V 1 LajI jj 

^yaMlI ol j —a a tfc ji y 4—YjiAt 11 jl ^ a \\ L-yLy-^I 

L^jJI jl— a xiAj Jalj£ I^jjaa. y <do_uJl j_a 
dAft JaAa J^l Mi'i (j—aa-VI Jn—VJL y 

.ifaUVutii j jiyj 
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^cu Lilli 6 JJ& . 1 .cJaJJLO j I Ljlc luj^. <jj^u V 4 jl\J < LsuLuj ^jxuJ 

Lajlj jA^uJI 4 jlLl*J 4u _i_ujjJsl «_\H5d 1 JaAS JjlLu V 

<^LLo_s Sj_> j-~v IjIIaI _taxj 

JMZJJ jJI {jA 4uu£. {jA Lake ^jl 

iiiaxJ j <JL* ^ ^1 ja^J I ^1 lJ <T.rex 

i^JI ^jiou V CjLojJjl^ — L^_9jA4 S±£- £._<-oj 

j £.1 _cu ^.UsJlII (J^._UJ ^J-Q 1 ^ \c, 

—o ^UL ^JUi Li Liu ^_s —ijju 


t Q - 

L 

-LuuJI ^ 

,tn<:i 

c>. 



LgJil^J ^j -1 CiJj 6 J -0 ^AUlUjLo l/UU^.Li*J (J^iLl. (JA J -Uuj 

jku <dl!j J—auj .4_oK <jI ^JjJ (j-o <Jlj—k CjLcI LJJ 

"o' o' 

V 4uJL^.| ((^Jjuu L^ul ^ J-SJlSU IjLo)) :^jJl_<-UJ 1 ^>.1 -O 

J)J^U <1-<_olj ^^Jj-Lllj <JS-clJIj ^rwrkJl LoLou l^J <j| J-u£. 

II (jl^-ll _9 1 j I 6J^^J-o l^ulj <^^1 I_ 

jJ L^ul (j3|)) 4-Sj)^ i-O jU£- CjLoKu j 


jl!. 




LiLk ( 


4ul 4ju^jjJI _lc < LJj^la ^_9 4-Al. j_jlC wj_cJJI oiLSl 

• Jj^l cA*j <u-tiu ^luj 

4uL^_jJ1 (^ 5 -^ — ^_<^J1 L>° J ^ 11 Ll^jLu jj ^ ^.1 j 

*. f. „ f. ^ ‘ kl 

<^ 1 * II ^_9 Jju-^I 4 j?^ ‘^11 . JjJ-^JI JxjI jJlsL^.^) 6 j^.jJI _(-oj^fl J4 a.-v (jl j^jJI ( 3 -^ I 


juAV) X <il (^jJI j-Aj ^ LjS iu-V-'^u dilj JaI .((ji.J 

.^Vl L^-jial c ^ufs (^^-J »■ 9u-^ 

^2^0 c Laili^Q UsLojI ^u^Loj Cx 9_uLuSI <^j>\^JI dilj 

^lj^.|j 4 i^kc L^Lkj 5uj_oJ 4 ulCj I (jiw.r'Vn — 4uj) II LLLJI 
“"1 <ejJLkJJ (J*^ (^Jl j^Lk^fl SjLou 4 ^ iuTi jlj-o <j-a 


4joJI ^>saj <tjLA m .ll joMuJ J_L£ l-uaiIJjJI JjaSJ 

jjLxXI Cu-^w <(JOjVI ^iauj (j£ ^ 

.^LLixJI dLJkl 


(jidJI 

Ca!ils1 jl oaajIJjJLj 41aJI 

Lsjji CjJlxj ji LaHa <3_>J^al j ^jJI 
(>5 i£ oaaiI jjJI j^s 4 -a~w%]| ^Jda-i 

.4 ^hii ^j jLAi4Jl J^aai 


, o. r,< ~\ 1 1 

3_u.jiujJI CjUaKII 3_u-ij^l 5’jjJjiJI Cil ^jla jj 

j^|^j <ijij^La.VI L>LajJI <j jlsU (^iJI 


j|jXI K4^-> ^djdl ^jj j££ <3 j^sL^ 5 

jJI CalJjjt-jj djAAlS^I <UI L. 1 . 1 HLI 3 jlui 

^Xuj^U djlj^Jlj pH 

3_»LgJdl .^Jru-uJI L5 Jt OJLXJ j! <jSU_» ^1 4 <-^ 111 $ nil 
jjsJI JsllujJI ^LaaaS jjl^1 jl^JLsJI JiaSli 
.K4^J1 4-lLaC (jxiLxil jl jSUu (_^jJI 


L>LL>JI ^-a^U jJI <_jj_uI jj jl jjaj 

o w <1 < Ls_»j < J-alSJI lJlIUI (Ja <U j< 11 

iol J^JI ^j|^ lLI ^LLUJ 4-LaLluJsI JLijJI jl 

jb jkui 2la*z jiu j ^1 (ajjjJii) 



jCL^LJI j5Uu ^ ^KnJl 1 ^ 4 1 ii<; < Cj-=JI 
•L^Jl J^^JI j^ jt 


5j^La.^1 u^-»j-*-i j^j (j^aiaU atUuj jl jSUu 
0 y4nll 4 <Uc ^1 J^-Ll 

OjUJI j -3 41 M(j 1| 4->ji<^* 1| CjLbj^JI 4 _>Lala 
t> lj^ jyL=b jlj 

iji jjxj jl jSUiA L^.1 j-^"u ill jjlj pLkul 
. Jl jXI ojjfi 4 I 4 jIluI 
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■UaA <Allk-a (LLRTs j-cl^.VI ddld kjAdl-call pLllL^I 

LoaIj <<a j-ojJI <jl£. j^fl AjljAIa 6j aViLlq aUa.^J. 1 *klka 11 dlj-a _C. 

. JAAd-ll L^JlS _SJ Jl\\ <_J _ <_XJ I JjJI (J-° LaLal jjLOAJ Cj _ 

L^Lk j (jJ-UI Jj_aaJI ^^IaJI lA^ ^aiLaJI <j-a_aA d_ >jalL!J 

jji-caJI (jC. ^jLjliC qs^ ^V* 1 (jl ^ Oa C.j —II 

^jjlll 5 aJL11I CjIjI jAaJI ^d ^_ Ljla (_^jJI dAdaJI ^_le (_£J_kaJJ 

^j_a (jA ^ a n^^fl (J-o^. (jA>J)a II oIaa! jjA ^J\ a \j ^j_a^A]| 

^^A eAjLkL j\ (\\Q II ejdAdAA .^VAil^kll *Lk>l Jj\ -CO ^/JLJjJI 

<(<laelllll) <AaI jlil jjaIII £*_coLa La j\c <jJVj -LaLoAl 

? j) *kll <j-a jLaa <a!a <(^jla^ ^dAd-rx LS"^" ^ JO ^' uWiiij 

^ ^ ^ ** ** w 

ollAC (j-a^JU ll^ Laj\r .J . I J-%. I^aalla <_Aj^Iaa 

^dJI — ^-AlUJI JjLlaJJI Q I j 1 n kV ^UajJI 
jl <_i-<ajuu j| Acajl_Aa IdLa 6jd ±s~i \ ^dJI pj) aAII 
*Jkc ^j_a La ^lia ^A <a| ll^jLu dd-JAA ~ 6 jJJLAA 
.^kJL^JI £_a jjil^11 oL£jll dlul^ jj-cajJAd-ll 
6 JjlaII eAjLaA.ll ^_tkel ^d^al OaI^ J_ij 

AjIaxa _xoVI ^j_a OdLal_<_ol dl LaLjljj^.1 ^aJI 

dlj-a Jjjxd jX-cuaJI _<.n7\ s LaJ \a a .<jl£.LjlLI 

^jULi (jl J_kla^J <<jlS <jl)^C 

antibodies j) J <^VI ii^Uj cj! _jj^ 


Jajuijj j I <_ £jlSJ 6j(j-t-aLJ L^_2 jJLJ ^kll 

^JaC. CjI A^ilk^_cu-a Ll^a. jka . jl^il diljLi 

jlj-i-<a^fl ^kjLi 1 ^ Ia ~s.\I JjIaJI j(j_<-<a^JLijJI 

jA_s ( LjLt-a^£. LaJjL^j .^j/^ilk'w nil 4->j) ^3t II CjL^j-II J-t-a 

f^jljjJiJIj ^j-ajjJI dlj-iJ ^j-a I jluU^a^fl 6kA <dllj 

^jJI CjI 1 _cull d)l ^1^- JJj 6jl_<Jul is J — <j C^.U njl 

1 4 4 < 7« ^ | 1 4 4 4 ^ p K J A 4 ^ ^jI^jlLII ^_3 J a AII jrLUl Cuia I 


>xJI 

* * 

OlJ-J 

La dljjU 
4 ->iJaAxJI j| 

(jx. v-^uX'Ll 4 ajj^JI 
CjLjljlju-ul 


oLuj_aJI <L_uljJ ^)l . Id£.ljjj I jLkl J- 0 ^^ CxL-alj jk! 

_coaJi CjLsl^al ^laAA <CjIj j-t-a^JU jJI ^j_a <La_i JaII 4_>j) ^A II 

6Jj) is*i \ 4-AjIjJI CjLsI J) \^kll 6J-A _All j Jijlki L\^\^ a 

. <ju_u tnC. jka IjfejjjA-aJLJ 

( ViVI oljlA^I 

. <Ajl_k <Jj| idjlkJI CiUlcjVI t—■11^1 <^xj JaII Jill J^Ai LaS 

CjIjxAjaII ^^a—a.jJ (^1 dxijAif ^ ^ alAJld 

J^Lkj < I J$L&j jX^jl^Al ^j| |j_LlA> ^jl J_La ia^IaJsl 

k)l ^i-ll c-ijLajJI £_LCLa. <ju-klil <j _<_u _ uLlaJI 

^jJI jlj—II ^jl <\ xAj_a ^j^a—a.jJ L^ji j—ial 
4 a < i \ 1 ^j-a oLi^^-a ^J^Laj ^_a L^JlAJjlI^I 
. SjjLi I Citalj-La.j Cj I jJ 6^-a.j 

(2x>lll ^Ij-oaJI <1_i jj!^jlII ^kjJI ilLa. ^ a 

‘Ai.lj > JI jJac. (ji Lfriilj cr^l 

^ aT> 1 Llul^ I jl La \ a jj^AlILj Cj IJ_» jj 

Ji-a) CjLajia jl LfM^- ^—!| 

^jJI heme 1 j I ^^jJSjaj^ II ^_a 

< ^<jLLa jL J Ls^lix L^_a^Uaj| jA_s Lsi_a 0-A_a_aa 


L^JLi)) ^Ua£- jjl 6^)5La J_t-kll CjLsLls CaoAJ JaIj .<j <ju-LII J Q xh 
CjUj^I <ja!u La a^-*Ju ^,lc CjJ kxl ((dLLa 

.5JLJI 

6J ;X11 AacLlIIj <jiljLaj^JI Cjljl :\^\ ^J_a ^| ^a^Jj ^aJ 

C>li < aA aliJI ^j-kJI ^j| l_AjlAa ^jJI In w A»jd LaLjuij^.1 ^aJI 
ArxIjJI L^Ux OaI^ j^AaJ.1 <AAjJJ j_a_2x^l 

6jlll (jl (j r\AA (jl ^-IkL-cA jj <dllj L^ J JUy~ J ^ 

(jjlll f>lj-aaJI _kJI (j-aLaJI Oul^ ijfi _ja^ IIa <^_ala_JjJI 

6j(jA-aA <Ajl3J J^a <_a.Lill CjI_lIalII ^jl dll J —I_AjJl£. ^jj J 

2_laju_aj jaJ < I j5 L&j . ^ajAl! I j I jAJlojJ I I J_A Jaaa ^caxcuaJ <JLa 
1997 ^Lc (^j -^d LfM^- d-ul^ L^aI <_a_ ojIax 6j(j) is*iS a Lcj^I 


i Id^x jJLAjLa JS CJJA jJj < id.dk.A-x L^a I a ^j 

A<>a\ ^UksJI (j3^ LadAC JaAa La J^_do ^A 

^jl .5 jaIajlL_oI 6jj ) s I dAAX UkA-x ddk-A^. dd 
JSLi^JI ^ ^-ALkA ^j| ^kaA ^_cul!l 6d-A JlLa 
^^ju-oll ^J-<-kJ J^-i dJJd dAJ . Ijlju-o Uk-A-X <lkjAaJ.1 

^dJI < I La. 1 ^ (kdj ^11 ^jil) (£JJ —^lli 

j — <aAjaajJI IaIaa j_a ^A 4_A_th7sl Iaa^Aa <lal^ <aaC 

l^aa)) <UAi-<a j kjj-t-aA ^^-C-dJ MOR 555 555 ^ I_a.iUa_i-<al 

ddk-A^>> (^^kll ^UkA II _a j \ \\ 11 a i/^"\ s — Big Mike ((dl_iLa 


d>, L 


Ia <<. 


^jl Lila j <<JkAkLa Iaj-vaIaa 0<^L^. 


UjLa 


7i7s .a Iaj _doA Ladle 


^_il_LALa 6j(j) is\ sJ .6^)dll 6j(j) is*i \ I dAAX llk-A-x 

dJL~x Ik-kx ^j£. 4 a <i|jia| ^.UajJ <AaAjJI ^c-aIj ap II ^.U 

<AJ-ad-ll 4 \Cj^fl ol ^aA j\lk« a ddll^ dA3 . < \\ A^a^fl p.lka II <_ iaaJ 

AaaJJlII q! a aA iJaJIa <1_*> L\ a a jJl£. 4 <_CjIa 4 a \ \\ 11 ^ _IkxJI ^A 

4aj^ ^s. 11 ^-kJI dlt ddll^j .oljJ-oai^AAdJI t^A^Jl-ll j-A La^ 
^JkA Vj <Aej^l olj —la ^^a j^JIa V c ^>j —HI j — 

<ja.llk» II 6j(jLaJ.I 4_J_<-olJjJI jl ^-vlka II .U a J^LLaVI 

.jLdJI LMk <AaAac e.u-xA La^ La Lai 

<a_laa LI ^aU a^ll i_ a-^^aJI ^J| ^IaHI Cv^ J <dlld d->Aj 

I k <dAdaJLj AaIc dd—L^ aI JaJIaxjlII d* 444 d ^ Q . jLd-ll AlLx 


First Signs (*) 


. L^J IjA-a-a AA-c«a dAd^JI ^jlJ <AdJI L>iLk ^A JLaJI j_A 

' ** ^ 

LAllje.d ( >1 5^II) plj-O^kJI <AA^ilJI ^IjLdoVI Jkddl ^_^lll dljjslJ 


(2010) 12/11 f^\ 
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2UL2 

.(jtiuJI julii oljj-ufc ^1 L&jxfc JJJLJ Sjjxla jJlSLx.1 (JA S^. jJI 4,^a‘iVI j^l j^la,LJI 



iJa j-dua i^jjJ ^Jl ^-aVi> 4j_ujijJI lJjJ <Ucuj (Jsu-ujJI lJJ a-La. 

jl£ ^jJI Shuvuuia desertiLjuJj^i») ^ujL» ^111 cjMsi 

.41uj jjjla 70 Ja3 Ld(jiaL» 



(jxuJiljjjd I J)) ^.dmJU j^UaJI toe jila. ^-i-uaj jaiat 
JLi£xa ^ 4luj j^jlo 70 ^1 80 jjilAXj jlS ^ jJI - Rahonavis ostromi 
I I jJi ■ ' H ^ -a \ jlS JMi. LilLt L^jl jjoj g-LAit SjLs - 



jjlxi.1 JMaJI jax - Lfrfr uat la jl - <L»jaj <Llcji jLudJ ^iaj Cut£ 
lalja^a ^A^lj ^ ^Ja&JI t(^jlx ^ia£ ja ^JaS 

•<^4^ 



lajaX SjaJk io^i JSLutti ijoLi. ^-uaj j - ^lill ^Ja&JI j 
v 4rJjJl ja ^aiaX ' II J <UL^J j^SLj 

.<L1uj jj_da 68 JaS la ^Jl a jas. jjjlaj «LiLijja» ^ uAJliSI ^jJI l jmSJj 


CjLiiLs-ll CjLajl*-o olidjjdl Cj!^_ u1 1 a <n 

^ 1c ^ I^Wl CjjjJlj t, QjlSj <CjLjI j) 11 d^ 11 

Lilj-c JCJLO ClJLVc 6 J-S J-2 sJI <Jkj|j(jJI ^JLsIl ed_<■ t iTs I ^jl i Qafsj 

Xi' CJ^ d^J .jaJLsIl d—t CjI 

j-xsl^J ^ 6Jj—^.jx <LojJa!I Cj\ —JLpjjdl <jl (2 /—dI 

£_j|jJI jJI CjtljLijjdl 

<(JLJjj-o .m> ^_c .^Lju-ujj 

.J>j u .S> <_*_cL^. ^i] dl id 

l o .^ [Idl^ 

. I -Ct ^ \ .O <J J^xs-^x Jl jljil ( _ S -Lc. J>* ^>^.11 j Ij j-i ikL^JI 
^-o_cull Jjla^JI ^J»ljdl ^IkU Cdl^ 

Ancient Organic Remains (*) 
The Evidence Builds (**) 


^ J_t-oJs I d lj J i dj^ L«lJj (j\a j-K ja\q 11 Cj I jLiji 

.Li^iLL d^ jjdl 6J_A Jll VLojL^.1 

. 4.U^\i ^ 

i u M ^L> U^JJJ-^J^ ^d_^Jd-!l ^ d^ 

cd_diUl ^_S 4 -cl pqll <->j x-A x 11 jlj-LI lx dljjLi CjIJ _i 

J[j) x <^>^ 11 UaWt_cul I jjd .4_cd^dlil Cjldj) 11 jlj_<_uI d^- 


sequence Jx 


11 < * 1*1 £jSa7) J_2^ ^-.iUjl 


l4^ 


^Jje i_s^ 


X^JLX ^\ 1 £\ 111^ <4jl1jlX^M ^jAl A ^ VI 2^X 1 (d 1 \J)^ A 

^jljjJI ^j-ix^JI dd^ letters ((cdj^^fl)) <J-coL_uj 
cj^( _ t it I a t n Jix j .DNA LjjJI d^_ j)S\II ^jdJI 
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4-1 4jlu\ jJ 


jlZdl ^ £Jjdj 


^111 ^3 Jj^>.^Uafc j —3 Oi^IVu ^j \V\ \ 

.L»j-u5LJI 1 (j t'luVi V ^5^-11 CjLIijjjjJI j jSJI >n"i 

OLJaxXI Jli c£JJ- 1 J3 JUS jaisX I j| <£4^xa jA l—a £j 

JJ^3 ^^jJI ^ <"*<I* dL-abJI jaiLiS ^i-tu") 3 /d; ^ U >lc. LAL^^. c _ 5 _I1JI 

JJJLJ J^S. <Lg_»LJia uJj <ClU-UiJ^-lJI ^ 4. v\ LAVI ^oLo-^Vl g.Un'l 
j-ii,j <£il jJj-oJ xiA-ll J l—4.^1 <ja ^^AJ <4_dLaJI jj- tKJI O^L-lxlLuIJ 

.L)j_l1SLlJI uUj u Ittill 4-frjb-aa 


j ^ jus >j_i_»jJ jAi ^xbx LjQj^j_Jj jj *3\t i i a ,fv;<i <2007 ^lx 

j^s ^aII i TiS j_2i .J<|| f <1 f/j-is'jt-411,1 b_s 

^XJJ I_jUA 4u >Vi ^—IJ (^5-lfc (jl^ j-axj| j3—bx jl 

4.i—tin 4 _lLl1 vL.<-2 > SjLa j>j—abla osteocytes < II 1 j^lbJI 

4Jl^MJ| ^y£> ClJ-£l 42J .(4_ij^JJ 5>jJ) i I) ) l, v\v^VjS 1—1 v"i 

4^ j wtill ^AlbJU jl ^1 Cm-2u^jj 5jb.j 4^ miM jj 

> ^^A osteocytelike 4j^k» 11 1_ j^UJL _<cJI j collagenlike 



(JXLLLU J Axis' jJ 


(jjlll pIj^la. <Lc^alU ,^5 -IaJI) 4-LAbxJI LiUAJI Cl^b 
^yb-i (g-LAi Jl 4. Willi ajUI) j(3 ^ JJlS $ 

.^tt Ua fljJ-lSIj-l jUUI 


^1 .beta 1—Inj alpha LJJ1 :^aK _Ju 

J£.L_ujj j_alLWI j jju-ill I j_ lIuJI ^_s (j3 ^ LaJ I 

jjJls < LLu Li .L-^LacbJiJIj xnll LjLL jJLJI 

U-° ^ ^s J 

.<jJLJI cjiijJ-Ail 

^LojljJI 6 jlil < \ \ nljj^JI jl j LI J l m VJ 

J ^*N 11 IjlIqjljl _cul _ dsljjj&lj ^jLLJI j _aL. ^_iLual 

jJ H\l AJLJ_<_ul ^iJI _ <_<jl4j CjLlUjLII 

JJ J A AII cljL^I cL 4 6j(j) is~i s J _5 

ciil jJ I 1 aA h 1\ o j _ a_o I ja! . I_juli ^j-uljj^j LaJl _ll 

Jjlju-u Cxs_ uu& jda .4jLaL-<il 4 \ aVm 

.jiLJI ^L-^i ^LLxc 4 jl1jlcI L-^Lo^.1 <JLjlLI 

(<jl!jla^I I I) I ^ ^ s ' CxS_j 

diI joj ji^xlI Ja u^j L£ ^j^.1 dil Usoj^-A ^J II 

.^j^lj^-ll 1 ^ \ A A A (J_AJ 4 jl^JI <4^_caJ^fl (jJsJLAl 1 ^ 1 

Dissecting a Duckbill (*) 


(jx jjiL.VI flak 4i_ttr^l ^dll Rahonavis (juj-^SLjjjb I j 

j a xVi^dA-i (—j_culjjj ^_a ^IL-<jJ j dlL 4 jlKj dljj_i jlcu 4 _s_aL^. 

L ^1 ^1 JJ.- cullijUl J ^ » l l JJ-1I 6j^£- 

jjilLJI <— Lujill 4 \l ac (JiLkj .<1 <_u (j^^jlLa 70 80 Jjls 

^LJI j-jL-4il jjkllad _L 4 -L-OlJli 4jlLJ 6 jLa I j_ Isl^.V 

^ jL.1 ^ -L 6 jlil 6 JA ^Jaj ^ -1 .4 —jKjfl II 

—^Ijj 6-° v—^L) C^ 4 * C5-^ 

JdS . JJLJ LaJlS ^UslsJI ^-Lc dUJJJjJ 1^ I (J-A ^)4^l ^jl J)^ll (J-A 

c iJjII cmII c_5JjLa-a 6jUI 6jA duL 131 La£. IjJ^Luj 
j-jL^VI ^Ikd keratin protein iiiljujjj ^j-a 

.^j 1 £,Ljjla I j) 0UJ) < L^jJLLa iLLlA ,4 jJLJ| j|j) xLa. 11 ^_a 
^u-Ljj-i IAa^ II 5 \ 4 ^ < mj a 4 \\ nl jj 5LII dillj^jjjJI Jjlj 

Jj-A 4 _Lu-OlLII 6 JA (—ClSjJ ^j| J LjdkJI dl 1-41 J) II L_^ljl^k 

^ I cJjdUl ) jJ^ylU | 4 jlLaJl! I W 4_AJ LLa 1 ^ U ^S. \ dl LaIiJjjJ I 

^UAcI Iajj j_aILI c j _a j — degradation ( L ^>j-2lLII 

6 JJXi.J _a ^_AJ .4ji _<_uLa jjkd ^jbsjjdb ^ jJI j_LJL 
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LiLkJI Jl-G j Ij 2 ^£. ^LoLlII ^^a-aLLa Ljl^wjIIj 

test-tube jLtVwV) ooLJjd o ijLlI d 22 .oIaaJaJIj 
jA^I ^j£* ^jl V oIaAAJjaJI <j| <AJaGjl!I CjI—aaj^JJ 

. JAOlSI jA£- L»Ga| LjjJI J fdlJd jl 5 ju_U (J,JaJa 

<^Ad2JI IjjJI ^_1^. J_L3 <jA ^jjIaXJ IJA^ <J_ijJI (jJ _JL^IaJLs 

<jl ja£- <^/Ju-ijJl ( 2 d IjJaOl^aLcuI ^x^aI Ijd^l 

CjI Jjl^GJIj . jrc-U.VJl < oIaa) _<_uj ^J < 2 .-x *2 CjLcuIjJ 

< .o v,wl| oIaajj^JI j_aC Jj-A* £_<_<jIj ^,lc <JJ) ^211 6 Jjl^. jJI 

<£-21jJl ^2j .^/AI ojJI l_ 3*21 Cdlj co£. 6 d£- J—AjA V 

<L^a ^^2 j _tlili! <AAd2 2d ^k * I <A^Jl Jj ^ ^ d2l2 _lok I 

l V\ r> ^ l^A^JI O -LlAJlII I d-ft I A *A_lc 

<dUd c_ 2 ilixA L$_cIa 2 ) jl <1 _c!a 2 | ^J\ t\~\ I J 

. IaaIaIaA £jC. j1=lJl!I l_3j is*i\ 

^^Laj d^xl ^^AA^-ASA <^d V\U Id^J LULLujI j 

^2 Lmljla <1 _JLjlS CuaIJ ^IaIs CiJjJI ^j| 

<<AJd 2 Cul^ ^aJI ^.IUjlII ^2 4ajJa!I ol_ Laj^jJI 

dUjj <CjI jJ-X-£2>JJLi jJI ^UlC. ^>d2 Q A<1 \\ J 

£A <Q 1 dAS . I JjlII ^j\c. j_IlSjaJ 

'UlaL^ cl)^] J> ^Lo^l JlaJLl 

LftjLoC. I Cdjd2 OJaW jJlSL ^.1 <jA CjLjlJUiJijJ ^ 1c. 

^ lui l< <i ojj^. jas .< 1 au 600 000 j 300 000 ^j-u 
i 4 aK1) j^jULo <jIIj ^1 jVuiiL <cjIaajjjJI sequencing 
^ja l^jl J£-> <mass spectrometry ^j IVnI) 

g. coj j ji^JI j tendons jGjVIj ^tkxlj <_uL_ul ^ja j_Aj 

J 11 Cjja111 I IaaLjlj j xVi\ jjl> 2002 ^lc ^_S .^jA.1 

JAJ . ^-aLJI ^AjL^J .1 A J_i|jJI _3 t 1 ft Iaaj <t S^Aa^J 1 ^jA 

ujaaIjlII o 2 jJI ^_3 I ^j\l. ^jU jA\ tdllj 

. IaIaj 

t 3^.3^ 3 jlHjlII <ju_oJI ^_3j 

(SjAlC JjJLJ ^JjJUAJu/^-lJ u_3l^.IjJI ^^A J_kl ^l*\jft 

C 3u-^.ljJI I J_ftj LT^ ^ (Jl 9 jl ^° l )^- 3 L° 

<L3aaJ^a ^Ia-laj — Cid ^.^1 j.<^> j-j/^yu JjIaj ^dJI 

(((jxtSLji^ j» < ^lUr.1j MOR 1125 1125 <<jj °jL^ -B> 

cLj^ J^ft (<L^_tiu) od>^ o-° ^^ _ Brex 

U3» ^ I dJLXJJ ^JjJLJLA ^^>11 I d-ft • 13lllj^A _du 

JajJ isl^la CjlLqjljuaI dlldJ < Cd I j Ll^jJ L> <jJI Jj_t-£SjJI 

^yd _coil ^UsJlJI 4->J)3^.1l ^ ( jXLJL^JI^ 11 <llkl 

3 L-JI (^j3^.11 L_^iLiJI disj. j\ aujlII ^Jl ^j-tl 

c_3^1jlJI ^jaII J nt\ . A*_3j isl^JsJI ^Jc 2 i_ i_oj ^LlIj 

Extraordinary Finds (*) 


^a^Ludcda 

: <jLlaL»^ J> 

ssAJu^'i 

0 

OjiAjs ^((J^L^ 

>“ ^3 j- 1 ! 
ooaa 


4jljjjJI 6dlll ^ lUljLU ^ ^_ jIjlj CdA-Cd d_ij 

dul^ jXJdAll j_ jLLJI j-sL^. ^LiAal ji.1_ IslsJ 4jlLJlLI A _cojuJI 

LaJlS dul^J i IjULi (j\ _j! J UJ | Jy2l ^Ja Ij-^- I (j_ 0 * A33 

.<julLI 1a 12a ^_x2sa 

6jAAA 6jJ_3a^ I Culis I_ftjjj n^.1 ^aJI <aaIaJ1 <aajJI I_o I 

^y> Jj^aa^Ia l^_3_ t 7nCl J^ail ^ _laIjajSJI ^Jl Lft ja£. dj-SA 

. lAj\\ A \ dljjJAJAJ ijAdA ^_3 ^^AjA^fl ^JIAJlLJI JCAjIaJI t 3 ^.3 ^ 

LjjLJSJ _ LJJ ^lj) ^ II Ia__<AjI lj)b»C) ^LaLlII (j-° ^Aj-11 

d2i < desert bird « p I j^^rA I ^dlb» j 1 Shu vuuia deserti 
j^llj . cj^i ja ij j» ijj— y 

<jl1a 1I1 < ( 7j L ^-(-udA2l d .A> C\l4.-y*2 6j(j2^.^fl < 3 >hu 
y a>U' A A ^ \ bj \* is~i LsIaJI [a_3 aalII ^_3 

Cu5s Idl Ia£. L$ ^l\\ _ UJ d2j .^jljJL^JI <Ijl3j AsIsaa 

1a 12a ^_ft l_^IaJVI CaaI^ Idl Iaa L^a^Lc.1 ^alLlLlaI 
(JA CdjdAsAl CjIaIj) jj) d-dlfl i( jIiAjJ 

ja^L^.i Idd^. jA^L^.^fl jdLuAs a_ 3_ci^l d2j 

( _aJulA^ CjIcIaIaaI 1-^ALA C\l42--\. Cd 1 Jj) A^i^JAdJl 

6 ^ 6 ^ c'a*^' <j\ — ' a 

<JL^.llll *2^2 xa f-l_^lc- Jj-^>A 

< \\ ^ laid <Uja ^j| J-2ja| ^1 <cd-!d J .iijklll 

Ci^AJuJul d2J .^jAjJI CjIa5 I JaA>AA ^j| T^AJ <jaJjJ| 
J I <AAdA^. CjIaIaA ^jA lAA I did L-2ljX. ^L-AAaJI L^IaJ^I I ^2 

.jaVI ^ O-aaI ^jl Ojj 2 dUdJj 2)A 

CddAAA—<_ul iJj^l Cdljlyi V21 (j\ —<ALftd jl —a I 1 oJ 

^JaJLaa Cdjl_<-L| <dUd ^-a .^2LJ^U jd-t-AA^ j^I^laJIj CjIaIaaJI 

^Jl ^La-OAaJI <1 iJj^All <AAjJl1I IslaIj <ajJI ^AaJ <2^.V 

<jJLJI Jj) iK 11 _3 ^aLjJI ^jLajJI (jJ^AA . (^ aIjA^JI d^^.J 

SjjJuasJI u2LJ^I CaaI^ Idj2 . Iaaa _aIja^ ^ja Iaa^j2a <JaI£a 

d)1 Cj3l AA^kAi ^1 ^-OAAA ^ Cjljf^l ^ 

jaUJI t— 1 1^k ^ *_s^lc A \3\ ^ 1c. <Js2a Iaaa ^j^aIjaS ^ja i^_3_IGa 

.^1 jaajJI Iajljj l2Jl ^jXaIja^ ^1^- (sS ^^k ^ /^ 

CjIj1aa_^.I IjdAA I_od\c ^Ijd^J I_C LaIaa j-2ljJI ^2 Id_ftj 

. 1999 ^Lc Ia^IajaJoa ^aJ 1 ^aIiiII — j aAII 

( ) iddLkiltxil CjU JVVS^ 




i <1 aJ2JI cj!_la^JI c \) 5_ 


AAa^I ^jVIj 

1_IjaJjaJI 


<laj2.-^Il jaaL^.^1 _3 ^2aa (jl \ 4aLas^I 

JA£- . L^_3jJIaJ <Ajjj 11 ddl jd^fl IjAdJ CjaI^J 1 dAAk. LU2--\. 
dA3 . J/ALAA_3 a |J^A ^aJjlII ^_oI^Jsl ^_S ^jAjAA^JI 
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JAA . Lulj I jLo ^ J I <jl I jaJ .4jjll c-sLJVI y& ijjia 

l£ 6j-a ^Aj CjI j-a Lj ~y\ 11 JjlAJ y I <j l l x\\ 1 j> cJLlaj 

(—LlJU-oJI ^A jxlaJLlI y& SjJLoil 4 AJlL-11 £._(-OlJ 

** 

^jlI LoJjlC. 1_< LaLu 4_j^_o 4 _AjJ 6 jLo ^3 ajj Cul^ 

. Ia4JLj1=l 1L jj \H1 ^a ^jlUI ^JsjlII <L^JL*_c 

^ ~ 

^JAU^II jaiksJI LlLsA L£ Lcjl^. <dilj 4 aL-^|j 

.4jaLa-^I <Jj_C g-J-iJLJ <J LS < lcJ) 1 aV) ^JkS^flJ l QjLS^fl 

<Lj_a f-I ac-ujIj I <4_il jVI 4 \ \aC. Jjlj > a 1 Loa 0^ ^^ 
Cul^J .4_Jj-ajJI 4, lCJ jlc lalaj j-fl-LaJ ^_Aj — 4-CjAlLa 4 aLLcXi 

** <f> 

^jjJJI «d^a^. _<-ua SjJl. 3U^ ^JLi laj 4 _jlCj'2I J^.1 J ^Jjjlj 

.^jjjJJI ^ 1 Sjla y& ^6j(J-LlLo 4-olaJLJLC jJl£- CiLs-oja-j jl 

LiliLL yc. <^jjl_*11 4_lljV 4 jaL^VI CaA_Ju^ JA3 

osteocytes 4 —laKc LMi j _lala ^g-LLa ol J < j ahc 

xAa 11 *J^JI ^jlII ^ji^l CaLSjJJj ^A^Vjill jjAj 

-UlL-vj J-al^ ^jl jJjljj .^.JoC _a 

.Cj)j(J- 4-^^JLijJI ^J^lC. ^A JjA ^ja ja jaJ Sjla 

LojlS LaUa^-V- ^ 2005 SCICIICC 4 a ^A L^_Cu la jlc 

Li^LiJIJ <_ij-ojJI 4 jl£. j (y^J ^ < '- JI _2uJ Lo JjLlL 

^ji jjlc <^Loju&VI j \\\ 11 jjjll4.^k^Lc cjj!2 I i < \ a!a * 11 

Sjlil ^1 JaAS LjljlC. jl JjLs .((^p J jJAT\\I)) 4 \x xAJ ^ \ n _ oLlII 

^jxuJ — 4 juJ^JI CjL^jII 6J_A 4ji_ujj (Jlul^ LaIju^j ^1 

6JJ& Lla^jj-S <^/ju_oJI JjljlS . 1^ a<i3\ 

4-ul \^ \\j-Ld. _tlJ c_j ljjIjjJI ^_S Lj^SJ-cj ^UajJI 

^ \ \ A A Llj> 1 l^_il_UJJ J-O^J ^j|j Jj V ^_° 

Vj . ELl^JI JllS jJI LoJjlC I Jj_CJ^ LL 

I jl VI j)j_LI 6j^J 4 jl2juL^JI 4_ojlsJI <jl y _ioj 

. 1\I^C- | Jj LjlA y &J .^JiljLOJ^JI 1 ^ \ ^Ij^l 

/ " * ** f ' 

4-<-uljJ <^Lul ^ 4ji ca^il o Lulll l JL AAJ^ cuLj 

V \ \^T\ Cj I J-i <CjJ-^LLI J Ljjjl3j. (JmjlS Ljjj& ((dLLc l^jl))) 

^jjIaIaJLs cHjjy ‘-^^/^_i_T * L^.1 jJI I J_A I I i_a»_o 

I ^iivr01 ^Ijls ^ -Lc- CjIju -aOJ ^jJI <l_>t—«^1> ^ 

4 cutjj ^ _caj L^ ill sequencing 3 I utl/nllj 

^_S oljLJLiJljJ <J c< 11 A <) IjJLJ (-ULO <O s ^-clil 

y&yi y*J 4 _>1 J-ajJI I j_^ j . ol j-II 

4jl^.LjJI lj J ^ (J 3 1 y\£ ^JLijJI 4_ij) II jlj LI 

oli^jjJI y*d j I j-o-c oj-^.^1 oj_alii ^_a 4 jLlo^ y& 4 \ a\ 11 

. 1 ^ I x < 1 1 a < i ^_2 IjJl^.1 1 \ \ SL& <dil J j_a j . I J-%. dul^ 

4_*_aL^. 2>°] <(J^ Jl 9* Ch> liLuaj yj\2 Lcjlc <i4.^JI y _ca^Jj 

6 J CjV a i i I A < M \ J-j I^JLJ CjV a < 11 A < M 


- 4ij^l - 

Mary H. Schweitzer 

> iZi-tjjj j 2/ JiljJI 

4 i L <nH^Jc. lZ i ‘ <yJ cTi-la. ZjjjLUI^ jujjljJil 
j2c di !<^ a. j-*j .oA)j? ts^jjjjJL) fJLhLs^l (Z^LcLaLsI 


. 1995jiLc Ljhyo 4 j^(j 4jt-oL^. i ya Ll^jJjjjJI bljy&jJI 

j*-<-LLS 4^J) Lt-LLO Sjllttl/ LJLs. y&AJJ 

4^jLu1lo 4l±a!<4 -lIL o-t-oJ! LhJjjl^ 4 j^(j 4L*-aLz~j y^J/j 
. ZjJLuJoJI LlJ jj, l£-> 4 \* mA // j*jJxJ! c 



4_JjlA ^UsjlII Ij^J .4 jljIj 1 ^ 3Oa~t jlcl ^ ^UaxJI J 

L-^V-S-JI jcjlS jXJ Lo jlc ^.1 lajJI ^-1=^ y& J ^ 11 ( I J 

U\AU'j (caAJjla-£S^ Cl 11c ^JslaJI 6J-Aj . ^ I A^^fl 

u^j ^—<-uL_uVI ^Uuljj y) 

^ 1c 4 «_uljjJI ijlcl ^Jl 4_^_llLo c2l\ yj^csjjz cul^ 

. \ \. \ 11 ^LaIu^VI I ca jaJ l 4 ^ 1^ 11 I ca y& ^jLj 


. 6 j Ljlo-c 4_x-OjA I 4, \ a < < * 1 1 Li (Jjloj 
(_^ jj| jJixll ( j — o (jJjVI <xkUI u— It <_£_>kj I — LU.J 

^jl ci^jjl < jAa! I y _o 4 _slLl 3 a^)II y& 4_liaj 

^tLcU ^IJI jck^JI u 1 ^ • - I U 1 ^ 

^V-iiVI ^-Lc 4 lLc ^jl3Lj ^vJAc -La ojJ 6 ^)JlojLc 4AjlSj 4 AjlU 

y jJ-a-o LoLoj 4 l£jJ 4CjlLJI 6 j A Cul^ .CjI j 2 _sjJI ^S 

4, \\ ill j (^5 2 LaLali 4 3 h ^ ^j 4_ij_o jJI 4 jl£. j^fl 4 ilslj 

" *> 

. J^JI * lJ_Ijj (jj. _II cortical bone yj nV4ll ^ II 

^1 l^l a^JIL)) <jl jan j .J> ^A^l-col Cs-li 

j <c jUj • Lr lA£. cjJas jl j ^Jl cjj— tu .((Ipregnant 

^ixil I j_A y I 1^>Aj 6J^GLc c2lS < jjjlLJI <jl-vjJJ- 1 jJlS Ci_ ojjJ 

^lia. gj_ coj jJij ^medullary bone L ^lill jaiaaJI y\£ jloil 

LoJjlC j) i a n I ^a2s 6 J-L ejJLsJI 6jjJ^-a 6 J-L JhJLS -lai 
jj-i-ouo j_j 6 jj yj^->j nil ^ a a j 5 JL^j jj) 1 .UII y^^ 

■ (jA i ill J(J_lajlS 4_>^Ajl! jXJ) ia.iKII (Jfl a < I 

JaLoji y& ^_ 5 -yl-ll H 3 -^ 2 ] ^lll 6 ^jLa-LI cjIaa-oJI ^c ^.1 d)l 
y& 4jj^-LI L^aLJV ^^Ij uisJI 4 jl^.^i1I yj —^-Vl ^IJAa II 

. IJ xVn Jj—tlu 4 _La-^ (^-Aj 

yj 44 yj 

j.AAt^ 4Jl^ ^A (^jJI ^JjVI jaJsLsJI ^A aAjlIi 11 I J_A 


4AJj » 


cil^ 1^1 organisms ol—uAxU < 


^lUJI 4 dV\^ ^A ^^JULl ^jL-uljVI ^JLaIu (^JJI_cJI Ic^Jj — jaJaJLil 

^ la^kj 4 jJL^JI jjjjJsJI V-al^ ^H^l i • ^-vl^a II 

i ACilll 4 ia A.A ( j-iLa^.l ^.1 J-^J|_<_uL ^J^.VI Cjl^lj) 1^11 

<J 1 ixil 1J> £_a Cjj^S JaJ .CA^Vjlll (—aLJl <JIcJI u-UJjJlII 

I jIj LlJ lak^ ^1 llA ^ I jL .^jL-SlLI <1IjI ol 

l_A JJL-S cJ^jd ( —- <L -'^- > d)jL*Jsl illjl d)L < I J^.j-a ^j^-V^JI 

_aj 4 \"\\ CulAj J-S-sj . LjIj a^C 4_^a.j_o IaLJ| 
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Cj LjajjjjJ I j c, .“ 

^ JL 2 VI diljj 4 a A 1 j < cj 1 j iTs \ 


Ja_» jjJa£. £j _o oL-OlL^JI_cclo (.lvlc.Laj idllj Jl 4 _aL^al 

Jill jl J a.A ^1 £_o j\ _jLiil 

1 ( 3 »~i.^~i jJ ^Ij 
4.1 .cltC | Jj_^o djl^ 6 j_^.jJI c l^_A_alVl (JSLlA ^jLi 

U 1 a.^^. Jill cj Ljuu> j jjJ I di^l_ n * I j < n (jLs <dl_! j .biofilms 

CjUajJljJ dJ^LaaLcuS JjlXJ J- 2 k J| 4 jU_aS djl^ jxlsLsJI <j -0 lie 

diiLcaL-al 4 \ a nl dJl^ l .o ft o LoLol <<ft V-W 11 jjJJlLJI 

* ^ 

jlilll Jsd JlC- (J_o djUud. LjlI _cujl Jj 3 j l ^kljJl 

<<]_ 2 l_ CCLO dfijl \T^kl Jjj 2 < aJlc^-o j SjJjljLo 

dfi 2 ^ 7 . 7 x 11 6 J-A llj till ^j| JJL-SJ . Cj I 1 ^ > \ O ^kj 

• (gj^ ■ *Ti ^1 £_o-cal wi3tl jaJ 2009 ^lc Science <L^_o 
** ^ 
jaJ Lo-o J£JI (Jlj_i ^ «i| • IJ-A Jud. lIL clC c_ 2 l 2 j!j ^_ 1 

6 J-A dJ^Arw 1 ill .4 _ouill 1 j_^JI <L^ _cclWI ^j£. JJLJ 4 _a^_ 2 l 

2 x 3 ^ <jl <11 J| Ll^. 2 La*> £.—J.Q -till jl Jl 

^ ** 
la jl JjLo Lo 0 —- \ 1 1 <JlLoC 9 0 1 1 4 \-V~ 1 0 \*\ ^ 6 ^ \T A 

S<IlijA^o djI-J^c ^j-o olllj) \^k 11 4 _clLu 1 (jl ^-o_J 

j£.Lccd JJ jlJl 6 j-A JLcl £1 Jl <J t nl a nil <Jl 1 o£. jJi tillj 

(j\-i ^jJJI Cjl 2 *^l-C nul^ t ^jl\ j _ijj^l ^Jc i_ sIIslII j^-I 

I CjLu^-c J^l l-il^- — <L^, Jill ^ 1 ^ 1^1 

.<jJU. ^ Ijl I o Cj^I <_olL_o 1 j <« 0 lJJ^ ^ Ijl l —<-iJ-ci.il 

^.lc jjli (j- 9 ^ CjllLuJI JX.I J ^wn^JLJJ .< 1 jIaaJJ 

6 -l-JJ <JXcn ^j-° P-i*Ac^fl (j\ t ^Jl\ (^jl -1 oXcoiculJI < 1 jLLo 


6J-A 2>^ (jV 1 \1 ^11 L>j . JlIj^JI L5^" (Jjj ^1 ^ 1 ^ll^ 

Jc ^jjli c 2x3—^1 <1 ^jl-ojl J oil- cclLcclJI 

^ l ^ la 11 ^ q 11 1 J_A Jlo -iC Li-aJu-u^ . jJajJ 1 1 j_A <Cj_cJ ^J-cOlS I 

CjI jj) xs ~*^JLjjJl L^jlS HuL^l_<—u! jJI <JlAj^J 1 ^lld IjLcl ^_lc 

< \ Jl\ J1 CjIj_X3Ul 11 _^.^1 <j-2ajlil dil_ SjJAJIj 

id)l -V-^k1 J-3LJ ll_JL^Jl JjlS ^ lc- I_3 _jl 3 ddAj ^_ill <1_ iAjlvIIj 

■ . L^JjlS j | L$_ij^l J| ^J| ^jJI Lo l^_2k I j liJjl^JI 

Controversy And Its Aftermath (*) 
the principle of parsimony (^) 
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Lolfc (jlllll (jtlcj)^ J 


— dJ\^kL 


JL <Cjna jJJlLJI ^_o 


ilj(J-l-^^JLljJI J| <JL-^J1 djlllJl^kll Jl C-jJl 




j S Jd Ho 

4 Jac Jju-^Lal 2008 j 2007 IIjL^jI j _c 

diljJi_ ccl^I ^Jc 4-oiaA ^ L*_<-ulj Vdcsk jlli I <<J 


u o\ 


i JAS . ((^ll^H c_^JlLJI <J_t nl a nil djllLci 

** <>> 

‘\ \"\ \ / A q ^-cjJ <jlsI^ a n 1 a nl ^2^1 t2d 1 (J^- 2^-^^>2xll 

<^—coit^ Ulij— lJ jJI jJI J J Qio^l 
ljU j_a » — biofilm La1i4 JaAJL 4 jljl 

^jUI JjjJI _c ^Jl qLjJLJI l ^ V\n ((slime ^_i j J 

jjJL-cij ^jl£. ^ ^ 0 I djl jIaIII 4_ol j . ( jJl^-1 ^ 

(- LclLxJI S <4jl^.Ij 0-2 . JlljUllI ^jl CLU Jl^w 

JlSLJ I <-C^kll OJ .<^J_i djfi Lc j^l 2j cK cajlJI 


uVI 


jjl2jl 


LjloCJ Jj3j .^c_ 


J ^- ( JiViill Ioj-o Jc ^LJI 

l^A^JI . Xl l^H ^ji djllLuJl ^ 

. 1JJjll-O jjl A^->o 4Jjl-» 1 M \ aAj-2 

<1 (jxdJ I J^.lj L*-»J_CAJ Ul_Ujl^l ^jl c_2^£.| CccN idilj 

J- ml -col (jl iulc idiljJj .jaJjJI ( J kUAJ Jjt o 

J-^.j LoJ\Cj .4.2_ttil^o _ 2 cI dll 2 )_o dll_iJjjjJ 


1_gI-IslC. <<jlLla-a2i <JlSLJ _2 1 Vcdj \ (jl^ ‘£y _l^cLo 

diLJl dJ^l^l 2h° 4\11 J 20 jj)A^a^JOjJ 4\ ah ^jJJlLo 80 Jl 

Brachylophosaurus«jMj±ajljjSjujjjjx^^jJL£ljj)) Jci_J,l 
y\ J ll5v\ ti i(Brachy I jl c^IlJ jl canadensis 

4_ojJ^ djliAljJ 1 J2L2C 1 j j A^l o jIaJ. 1 La_> Jj) A^i^jo jJi 

d 2 <11 J-ol J^j (j-o 4_olla£. - culj ^I <Jjl2 Jl 2 c 

<Cj_cu_i Sjjj ^kl 1 Lia_cc^j Lo Ul a 2 <4->j) a^c jl j_o ^Jc. ^j)l \ 

J-ol^xJ 4-c2a^a-i (J-° J_J4l 11 £_o <j i-aJL-J.1 J-ojJl j-^>-->Jl {j _o 

<jiJJ 1 diLJlij <jJl^JI oliju (jj^i (jl 2>_^- aj <il .<->j)^.111 

|\Ua 11 1 0 K 2 <<JcJI djUc»j^-^ 1 J-2k <jJj_o JLjloIj 

• 6j|j-Ajlj <jjl (JLojl^. 1 jlj (JJal k<X& (J-ol^aJI 

— <1^.1jl11 JJL 2 JJIJ — jlljJI ^.LoIlAVI 1 J-A C-U <—AJLl Lo_>jJ 

(JI djl^ jliJI jjj_c<a^JL»jJI 1 J -A <JL2cJ^-2j(j_oj 4-ul \o\ < S ^jj_2 
< J-oG llS Lo^j .(()) c_2l^.IjJI _ 2 4-J^. djl^ Lo-O IjjJll 

1 _ 2 UI _cal ^_2 L»^Lk |\Uc. ^_2 Ilj^-J 

<Jjjii dil jl JjloI LMiJI di^Jl I w! 2 j -jJ-ll <^LtGi_u 4_il_iL^.^fjS 

i4 \oUa 11 L^UJJ 1 jJlO-o 4 2 a^> jJI ^jL-OlC^I <Jccal <*Jl2jJ 

djt^ jjl <JlCo^1 J| 4-lL^JI ^_uo. 1 4 jull lll^-o| ^ lllj 

Ujl- 2 C L^Jlo Jjl 1-2 JJ_C U^LkJI £_o J_ isSCs 

. 41 ol o (£J~* a All 4 J Jo J Jl > 1 0 
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JfflafaUat 12/11 26 aiaju 

UllCHoom 2010 j-LdU-UJj / 


f^\ 


ajicaj)fi 

'*'1 a x it “ l^Sjlco 

ujjj jjj am,„u 


..'ij hull (jJ j ltuJ! L-j/jf * tiujl LtfJ (jf JJ)j . LjuLl^ ^J 


I .L .S> — jj I .M> 


jl y 

fjjc jj3 ( _ s i£. oVVI jdxj <<U£jJtl 1 n^lSJI ^.alxJI JLiiJI (jAuftS oALi.iirt ^ 

qVLi.ijoVI Cxjd (2A"L$ • Lajj Jj < lilllil ^jC. L 1$->J <j itnll <_> 

_JuVI <b\^ <^.1 J [.Q,\ I jla JA3 < J_uaS^U lij£- djCj 1 jj^Uo j OAaj cu! JL^JI <juulLlJ ^ jjJI 

. SjIjJlII c-SjJlJlj Jlj^.^1 JL^ ^ 1) plSjJI Jj J-^ £-auJ J ^J-O jJI I 


LaC. oVL-ajVI L^_»_a £C_Jla-!^L_u LoJj jJI iaLx-uj^l dit — ^*\j\ *1 < < Wt 11 jl J (J-ld>S dL I Juki 

Sj xnC i->jL^Jl icLall ^IWI J^.) £“ l_Li-tf 2 j .Jj . ljul_duj I_SjJLo Ij_o| 

JXJ (J-O Vlll Si j| jLj^l Kjlill ^jjjjJl^JI <i>j£. ( J iIL_ajJ j£.L_aa Jl JJ 1 lt"> La jlc 

<_■ lIUj ^j^.1 i!jjj <jl jjl£. . The View ^-<_ul J-a^j ^jJI ^t-alS^ll Sjj&I _ ulL jUJlJI jjjS 

. The Price Is Right ^_cljJl SjJkLdLa J cjJ L$lV Si j1 <Um& cLjl J 

aJJj ^jl JjlS (Jjl (j^LstSa^fL J-ul j-X-joUlS ( l^jJI V \11 Si Jl ^jJ_CUJ <JI_i_a l_3 

’ fi ^^ ~ ~ t i 

tj a^SaII ^^.Lu-oJI ^ 1 ^ a 1 \j a <julll '^xajl dLlj Jlol» 1 -A jl^J <_o^L«_al Lcj-cao <JI_ <-^^1 

<Lr iiUi.l jlj^ jLkSl I jLjji_o L^-Jj-ojI <Jj 1 =JI 6 Jj^ (JlLaj tj^± ( 3 -^J .^jlaall ajjlII ^_a 

~ ^ $ 'I 

. J \X\ J- 2 ^ ^Jl JjL&juJI jJu_clC liLij IjLxj) <JVI Jl <JU_allL jAJ l-^l-^ 

U^J^" Jb 1 LlS 1 jJl£. < 1 ^ I_JlS llij^. IajI 6 ljJj(jl (^jJI J^_dull (Jlj Loj 

J i J^i-Sl < I xr\ *"\ 11 Jj IjJUU lull LjJjj^ f<^_ilajjLC CjIjIJ jLldil (J^- Sj jLs ill_ uojV 

t " * f. 9- * fi5 

Jd^. IHJLcojJ c L^aOj-> cHn I JJJ . <SljJ Jjlddd jJLS Jj l ^ lie ij^xls Jdll CjIj-LI JJ-C. 

ijJvl jJl\ Jj ^ 1c. <_ojl J-Ll^ << V\ .o ^ CjIjLuI. < X aA i C/-—^ 6 -° a^' 

. <JjlSS ^ J£. ^Sjj-LI ^)l J Si jU^ J I <<JjlAS J£.^jA L3LJJ < f >\jjJI J^ljlJLJ Sj-O J_3L_S Sj C 

IjJLC J^. LajLojl£.I (ilv-pw Jj-o Jc.Jj^l (^Axj ilLcajVI 6 JJfej 

. IJ L*_a I jjJS 

ROBOT BE GOOD (*) 

Autonomous machines (\) 

^.MUI :Jla ^j.n JI (.l^dJI jjfelka 0 ^>* \ Sl^U-a ^ <JVI O^- 4 ^ c_jj-cuUJI ^Jc. ^ iartificial intelligence (Al) (r) 
CjIaIII < L^JI_*_aj 6 j n-d 11 ^ialll :<_oLsJI <Gl_SjJaj .<lol^ j_i£. oLojla-o (j-° J^dL-uVI j <_iLdL_uVI j ^tUL-d^l j 

. | 

.oVLdiVI ^k. :robotic = <JLcaj| ijl.tii l^loj robots _ d^-dii u-® CiAj ^o^L-dil = robots (r) 

^ Uaa t>^\ ■ nft ^1 <(Mla c^d-^uJL <^»U. 4g& _<_u St_tiao :assisted-living facility (l) 

.Sj^. 3 i II jlj <iaHJI <_»lx.jJI | j t ml ^Jl j- 1 £- i^j^j-dl ^JLolc .1 oljl 


jL^lWLj 


oljlj^ jlldl l^.\<Lo,> (r) O^Luj->l <_di 

A> \C~ 1 . lit /V a , S~s t 1 1 <*11 (‘v / d I Q*> I < < r\ 

oVL-udVI 6j-ii ‘di.ljJ jJj .Q-du-u-tl 

LqjlS <<_L*_oa <jlS^L^.| CjIjLI 

.«Loojjl 1I SloaJI < coIja 1 ^ \| jJjj 
C- lVL-aj^U i^yOuuzil ^1 ^j| jLJI ^j-°J 
J itnll £_o JcUH ^1 

<^oL_u dljlj_u ^LdL 

^jLdJ 

^cdSaS < <_oL*JI 

jlml ^ J^jLII dLt ^tdil I4-I 

,<JU. L j^ Cj du-dddl ll^j l^dl j\ 
JoljH ^JLooaJI frl^UI CjL dlj ^l^aLj 
£_jIj3j < i*L> ^jloll 6J-A 

Lii^Ld.I J^jaII dljlj_aJI £y> 6JJ^-o 

£-dL» j^jaall (JLclxIj-uL> 

\ 1 ii ft juC ^-Ic. <_>j!a 1I 6 j-A 

j\Tx,r> JL*^i 

. ^jlao IqZjLu 
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<UL-oj| Jjl <Nao jlj 

I 4 .LX.W-> 

.CjLJLW^U (jljLujJI 4£ jj_u 


Anil ^j-o ^j| (j-° V Jj < I ^byt^ LLiS I^Aj ^jl 
Sjjli <jjllil 6 A 4 J (ji jl^ SjLi^. ^tiJI 

I jl ^jLII dLb Sj^jlII ^j-o Cj^M - <-ojVI C£j^-' 

^ ^ ^ ** *^ 

I jJ ( ^_tujLeu I <_ > IU> a | ! I 4 -iI a^_a-^lA _cuJ 1 ^ \ 11 <_ Lo 

<JjJjl 1I (j-^J • I 4 X a <1£.Iaj ^Lu_u ^A I 

3" % ^ _" 

jxJAj jldiljS ^aA^j Jj3 4jA^LL| £j^\ _<-aj| ^ 1 a x.s>T\ 1 

<^xnUllj jIaJI Jl^-J J-3J O*" ‘ Jjl 

Jfl C Jjlo <61jl^>JI jJIj <> ^l^Alcul J\ 

^t^jJI ^j|)) :<J^Aj [^13 <Jl_aL^ ^J-^] <Cv n O .C .D> uAj-lajlLaJI 


< JjlsJu-oII W fsJ AI < I< v3t a^>I I W° <j I ^A dLcu Vj 

~ ’ * * ' - * 3 

14 1 ^^. t ^_Lc <CL^-o^jj <JL_aJ^f I < 4 ^. 1 ^ W3 jl^S £AjJ 

^ 9 

o' tlWf A5>o J£ ^—s <_j>£j 1 I <^JI ._3j—^iJI 

(j-a Cb^fl_caj^fl £Jlo o!^ • JL*JI { ^ J —Ul^j 

— Jl^-> ^jU (£j .^ <jA^LL| l-SjL^-o jJlL> JA J*A ^1_> ^.LaJI 

" 9 

£A^ ^ 4 ^^-L>° Cj^ 1 a << tV 1 ^j-iO^A ^IJ ^L» 

^A ^ 3 ^^ o' ^ a 43 . 6 jjaS <L^jJj ^jLcojVI SLl^. (gjfi a<»a> 
^AaI^_o ^A <jA^LL| ^jLlc 3 ^ lc. Sj jIa Ci^fLctAjI \ r\ a^*> 

o ^ ^ £2 

^jJI a till jJb 3 "° Jj 3 -^ a^LsA^I - 0 6 J > J-^- 
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(J-A U —LU^ (jC. lg _*—ujj jjk ^LJI a>>^ 

k^LaJI diljj <ijLk ^IVI J^kJj ^jj j 
^(J- iJjJI J_A k_2 < j-LjP^k J-^ << -^3 _4Uj|> L^lll <jk I jlj 

9 - \ " * 

( jjjLjJI u-i-AJ-i ^-<-^l J-jJj jI jjku (J-A J—-> 

j-A ^Loj-oJI CjWI ^_2 ^Ja^lkVI dJjJ_cuJI J^jaki jl jl VicVl 

f- ** ** f. * s 

j-oVL Cu-ojJ < jjJ^Ai k^ <jiLkVll .i 2C (jkl jlsl <ll J J_^_> 

9 

.ill Jkl J 1 Q"\y JjL^Ju_all j-a2 ^1 j-oj <i* mjfr'vll (JjLllI 

<(JjLC .S J>j <^.tjLJLi .j> jLjiKlVl jljkLlI (£\j jll <dLlj ^-oj 

^^ikl j\j£ jl—kll jl (j—dk j.— cuLJI jjlJI cr^) j-° 

^Jl <((«Jukljlal <JLil lu^. < ikc» <LuiUi 

(JjLk ^_2 x u^> ^jJI ( (t) ^l *11 u^inlJ ^ 4 11I wOl^jlA io 

subjective ,^-d Ul Ijxo ^_k ^jU ^1_k 

j-o ^Ul JjkJI dik j-A Jjl^JI jl _II intuition 

j^-Q-i ^lJ| ((< j.A^. 11 6 jk-iaJl)) j-a jdl *Jlcl jl <G(_2u 

tjjfLJl CjI -Iryj j|jj_<_<jJI Cild^J ^-Q-%. j_ijk j£. l^_il tn\ 

j-u-kk-il ^ia->-o <*K *v>.<LkJI jkjjLll ^_jlo^. &LL& k-c 

(JjlLslj ^_k 6jjll ijjkJI 6J-A jjk jl 4j^J-kaJI j^LlVLi 

1 Jj) ts~i'b iHo ^jljLJ ^_^_2 1 <Jl2^L1.VI < 1 aA^II i__J_jIjl^. £- JLa ^- 

IajjJj <ill JjlIIj <QU~»ll ^_ ^.I^jJI ^-jlol^. jl nC^flj jk^l 

<JLjJlc. ^JLt-^uO JjLJLCU JjAII ^JL-OuOJ <Jl^-COJL J' L^i LT^ 1 

**♦* 53 9 " 

I iijkj 5_»l ^jl J^kj . jlj^^fl 

. ■ 4- iu j ^^ 11 ''zLilii i»jkj — IjjlII (ii^jL-^. <kj 

^-Ic. CjWI 6jJ^ ^-2 cK- Jjj ^ 

oVk V^l ^aLSj L^_jI ^1 jkJL dUjj <<jLaiLkl CjIjIj_S 

ijr *^ cj' 2^^ ^ u-°J —ojL^VIj 

^ r ^ ^ ^ 

J^-2*. ^_lcl^J jJAi ^j| J I I_ ls~T) CjLsUlL) (jikt-ll jl j_2^l 

<jLs <CjVIaAjVIj J^kai \ 4^\a \ \b> \ ^jl_^^^1 klj jA>\ 11 

CjL^^LL^fl £-A S V J_^Js ^ 1c. (^j_i-OjJI ^Jl Lo I jJLA^ 

^J| 4 M / Al < kjJ 4 \ /^ 1 1 1 (jL_Ju j .<juu-«^jJI j)l*nll 

0 x 

LjljL i^ 1 ki j jJj (j - 0 j 1 w <1 1 6Lik-o I ^^jksJI Ll£.j 

^jLJljua Lckxk ejJLsJI ^_a Ilki I <(j\lj^l LljIJ^cIj 
<J| a j o ^jkcVLi <j| I jjlVid -f^L^ ^i^k.1 jlj aJ 

~ 8 '9 

CiVl X Vi^U I^JLikjLcul ii jLl 2^ 1 Li Ul\ I jl J^-l JJLJ 

1 ^ A iI ^ ^ duk < l^lLLca^ ^_a l^J kjklj <jljI_ 

.CjVLlAjVI I J-k 

.I> (jJjtl ^jj-ujjJI) JLiJI fjA :l, ROBOT (*) 

Autonomous Robots (\) 

jjil JiUL kMil _cu :Stanley Kubrick (Y) 

^ j 

. jldl Jl_a£.| ^C. jl i nl 4jjJi jJI jj) 11 j i^i 11 

the First Law (r) 
Hedonistic Act Utilitarianism (i) 
computable (o) 


((.^J^LlVI klc < knUII (J*^ i ^,a. tx^ll 

w aJLu4»l <L»1 

0) iliij arrt. „u c^i—o^i ^ aLJi 

9 ' 

-ill OljplkJI (jJs JUlS .<JlOJjJI Llk^. (j-G 

J % J! ' * 

CjL 1 jLlLII 5_uljJI CiljL_caJlj <Lulj ^jljjkll (^-k Sjjl_s 

L ** ^ 

< smart homes ((iiSjJI Cj k ^jl Jj . kj^s U 
l^kil^fl jj_o I 1 -^-^ k (JS 6 jljl (_ v i a < 1 1 1 ~vVi ^jJI 

I 41 I 4 JI ^Jkl ^ ^kL^JIpkJI Jjl 

ujj-cukJI <jk Lk kku — 4lLo^_> Ci i ill 1 ^ aui\ (Jku CiVkajI 
j-Lolil <LoLlS .S> ^jkll <ilaj <HAL9000 

iLLlk jl klkJI 1 jjiJI j <ko c2001: A Space Odyssey 

^J^JlJ Cjkj_ulll t^jA I J-iC cJLlA (jk {J-^3 -kll_ cojI 

^_k d\li_all ^ xTi^f 1 1 -lC.ktjLO ^-k CjVI <-u_il ^jj^ki 

^)lj S J-kxJI a n \ 11 Ij-Sj kl <<Jua^jJI A-^Jk ^.1 ^1 j| 

~ ** j! ^ ** ** ’ J! 

^_s ^jVi \x 11 > il i a oLi jk^fl (j\\ .Aiill i 1 kl^ <(y \i. j,>£\ 11 

1 ^-iLuj ^jA ^ju il O^ku-i^l 6 J-A jvlla ^ ^jl Li ^ i^-i-i 

L_t < 1 i 1 1 1 ^ |J» 'N. i k Ciljlj S Ike) 

jl <Lojl1_ ujj jl ilj)^^ L^kj ^_S L^-jUj i/2\ o' J_^ Lulu 

^ IJ Ik Li ^1 L^CjIlkaj jj— 2 ^-i i k-UCj . 4 jljJj (Jl^fl —k 
. I ^ ^^j-> ^_S <J^j-ku] 1 Cjkcl jlll A^_iLu-a^. 

i> »» ** ^**ji’* 

4 U~i 1 nl I oWI ^jLlo ^ a . a* Ll4_ uj I jL 

JI^Jjl oti <j_tiuJI ^jGJI ^“Lik jjb lull 

kjj SoV^I dill ^-2 6 jkl£.| IjOULi ^jkll ^1 !4uiVi (jkj_Li 
<l_ 2J-^-»jl I> ^Lcdl k ejl^Jl ^jl ^-akJI JkkJI i_jj| jkoll jVi* i 

:CiklkaiVI ^-2 Ij^liil <1 ^LlJI <JULil jl jlLI ^_2 jlo 

55 J> 55 

- Li U uVi jl jl (jui .Jl j^ Id^l ^JL-alVI VI -1 

. 0^1 p| j-il ^2 - L^jJUaC ja>SLa-i 

9 - 

jIaII jaJ La < jL-ulVI j^ljV ^JL-ajVI JVuxl jl .2 

• (r) Lb^’ u4^b ^ 

9 9 

3 ■! II 0 jjti Ctalj La illojj^l a^•; .3 

•tjjiiJI ub ^ 1 i 1 JiVI ub^'i ^ 

8 * ' ' , ' 

^_2 3 -oaIJI _ 1 ^jk^lli j)kl yA k_klSI ill j>^-lJ 

k Jj| <L_ij-aijl> I-A Jjj I ^jl-ll ( j-U^jllJI j)-il-A j-aLka 

jxjjLj <1 <1<jl&j jjfe 1 jjC < 1942 <1 la ljju-k 4 _lol1 ^_2 kjjj I 

^ “The Bicentennial Man (1976)» j^l ^Iaj <J 4 ^2 kl jJcl 

ilkajl ^Jl I j_o | ^jjjLJI y^A jA.'iC-l_doll (jAx l L^-Jl 2 <k J -i 

L.2jlU jiJfej-cV Jllol j^l <JkajVI ^^-k j)l^J . L^_kiAi clk.21 j^Li 
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53 03 

OUt|j3 l^Joljl^ .Wn j) jaoJI O^L-ojVI L5 lfc<>*^-‘ U 

<4-1^1 (j&jxxi JlSajil JSL» J^\V<JI ^JU £aaij ^ jauJj .<UaM^1 

jl^ill jLadl 4.12^2 jjli (JS-cuyi Lf J) J^L-Jj 1 j-La jl j-it 

4. t^ . ‘U ,l ojJb jlilJJU joy. .[jyuJI ( ^J) is^. 4*alj J£ 

jj j^lU (39 4—^AusJISjJjusJ! «jL>» SLa—< aJJ p-fr"Jl— lua) L.%^ij_> 

.dJj 4 aIjj JjLua (jiu^a jaSja SjJjj-o 



J£|jUI £uO J 

Lulaj Ca^Lcuj^l 4AaAJ_» j^uu^XI j< ih"u <1 \ 
^iSjJI 4 aa2j J) '' t^Vr<i <i \ ^Ma.1 
machine <<^^1 ^.U.~ill» ^Si ^^judaJI 
3_Lojjlj^duau-^JLl psh .learning 
^1 OljL^JI oU^Laa ^1 

JJ£ IaS^LaI 4 .A ' 1M1 UjLOtl '~'' 
jajLjla I jLaa£.| <5jLkaJU oYLaJI (>a 

ild J*i (j^ djjA.jXI dO^UJI (J±a :Jla 

4-uLl^JI (J±4£ (jild I j| jjj-aJI J 

^ -jb^j liL ^ 1 

LS ifc d 5 ' (U'i LjLc 1 jaa 4-Lajjl^aJI 

• 5.UAA. o^La 


I dL=d ( 


)li - t]l 






^^laa 3JLaJI oaA ^ 

iodi 

*i^ji *ua*j ajL^yi 
Voj <y$i 

•<Jj^ 1 *b1 t>» 


CjIjIj^ <CjIjIj3 

aUjA (jl (jULujXI A£-L-ua 4_11cuaI j< d'i 
ilAjjJ liiIJ 3 1 A*; ^ 11 L^jLsaa. CibijJIji 
.4_»iU^yi jAjLxaJJ oLajidl oju£> <LuJj 
JaJuLluJ OIj->0^aJI dLB iS l£. I jLVicI J 
CjLjjJjI " ' ^I l^ji ^ajXt L&Ijao 
<JIaXI ls-^ -b)-*- 4 ^,5 L^-lLAtl 
<_iibj ULxb ^y^JI aaI oils Ijl 

JAJ La_lIjji <l$ AJ 'j<> I'll A<^.“ill jl^A. 

j^i Ja£, f-ij^ 4^ii^u ijA j] iiLubyi 
.<bl jj JjbAJ jaSIGS <y 


j-uL*_tl <_a^c 6 CjVI _2a. ^_Sj .i JjJ_2a^oj 

wlcl^S ^J) x^a ^_IjL^-o ^j-o 6 LL>j _2a. I dljJ_ lajlLI <JLS^Lk^l 

Lo LoLoj lj_^^lilia.^1 dl>l_ lajlU <lLol_<-L 


Lojixi .<is_a CjLn^laJ J)a A^alj (Jjl_ 

j. J * 

<jul*_o <JL^J t ^ \ j) Lull oi-A^'^lia.^L-i tjfr is~i"\ ~\. 1' ^ 1c. 


Coding Rules of Behavior (*) 
LEARNING BY EXAMPLE (**) 


(,,) JliUj 

CjVI_<-ujVI ^La_S _oVL> ^jl ^^Ij_jl3L»j 

VI l\ tic, (jl 6J A jA.Jp ^1 ^juljlj << LS^lia.1 

icj- 02^-0 ^JSSLi ^JJlII ^JL^a. ^J\ £\"\ \ -J I I | Vjl ^ uin 

.^LjulL_uI ^L> <J^jlLo j _tluJI J <jLS^lia.^l ^jLiil ioLc. 

jj ' ■* 

<JLJLa_c (^<V1 ^ A A . A (J r>a 11 6jl_C £Juu2l1 t^l-S 1_o| 
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1850 


"’5*11 ^UJI ASj Uoii 

4-iaM^.VI CsLifcl jaJIa ^LaIA^I ^1 ^al'uXJI ^iSjJlj oLJLujaVIj *1 J~y CjUaJI Ja JajIs Jaj Ja4 

j£ jLSLil LS _^. j-^J ^.aIxII JLlaJI jaa i uLis 4 _iLLa jjIIja OaIS <0*^1— u aaVI dji-oJ 4 —LajaXI 

<<Lu-sLU 4 aa^Sl 1I OljiuJI JjaAc. ^ <OAfc 3J1 CiLiSU^,) jl Lj ifc .^dljJI (j& Sja*a IajI j JSa ^aJ CjIjJa-aa 

,juj£. jaIaJI jj&JI 4iu_uMa CaIaIaS Ja - 4_ia A AWXL 1 tO^A-Ll Uhftrw IaIjaa 



J^AA<djUa .K> :1921 
l»j(j4nij «3JUuj|)) robot <Lal£ 
<5J^I <3_JLuxjVI 

.R.U.R a '\ \ -v j / - < a ^ 



: 18 jj^JI oLuaIaa 
[ajJiaJI] <^Iaja .J> 
jV^A <JAA .S .J> 

>iiujn 3 _lLLL> 


i i i i i i i i i i r 

1800 



< c r < i a a i j :1495 

CiVLcaVI jaSI j- 1 (^Aal ^.wu 


T | I I I I I 

1750 


jlj3 jLLa) (jl I-JUL^A <1-1 H^Xj ^3-11 <Iaa|j 

~ g * " " 

3jJ A.r'VWll 1 \a _<_UA <6d£- Cil_ oI3>aJI lA^ ^_Ajl1$^ (^5_nVjq i 

j ^ r) «3_L&j JjV 3 _^-l^u2JI oL-l^IjJI» oIa$jJ _cJL 

IaLl^I jIsu-OlA j3 <1_cuLcal L^_clj]pJI IaaIc 3)j,J <CjIaa^.Ij 

(J-C clA^- 3 • l \ C-jl OJL2^ ^.ls. A.Ax \ Jjjl^A 

JjlA LJJ ^_S — (JajIa ^Ls < LajaxC 6Jj£j ^IjpLlI ^Ljla *jll a. 

** S3 

4 X A ^J-C. aAAjAA V -U \ a < n d£j 3>^ — A 1 A M^k pj J 

^ ^ ' 9 . 9 * 

^jLlLI CJ^ 3)^?* CjIaa^IjJI CaaAjIjla I jlj -(JL» CjI j «1 jlaa 

^jl ^JLAAA (^3-11 LJ_>.U>.L^A J A^i ^_A <JlS^}LL^I 

•'-^J- 4 J^ If* <J (j^ 

L^jL^-o^a j^-oa ^aJI ^jLil (^ic (Jj-*vIIj 

~ l 'l ^ 

I)) ^AJL^A Ja ^JUla-a^ ^1^3 <JLa3a (J-OAJU-aAA Ljla13 <<JLcaAaI 

^ 0 X- 

^J1 In i3aa LaLa-^jlS-oaj .machine learning «^i 

9 S & 

^jl_<- a ^l dj-^. ^^aJI <j-^L 3JI L-Jl £ja JjA^.3j-oa jj£. 

** ■& " 

<jl^.LjJI {ja < ts~* l^_j| ^_1£. I^ 1 \a ^ CjI jl^>3 

inductive logic ^31 ji Tuai^I ^Isuib ^^olju-ua <^jjI^3JI *>3-A 

V "9 0 ^ ' 

Jjl£. 6 3-A ((A-isuJ I)) o J^AJ I I Ja_o _<_uV 

When Science Imitates Art (*) 

.<Ajjj^lll oK \ <Till :jl (^) 

optimal (Y) 
prime facie duties (r) 


1 c "-^ 1 ah \ ^ I 1 ^ \ ^ ^J_oJLA a > A d-QC. t ** j 1 -Q I \ Aii ^LLsI 

^ 9 $ 

jy j* ^ Lr ^- 3x>^e 

u i a ^A II L^a3 V ^lll oVUJI ^ <a 1 ^^a d>^j) 

5j 3| 3 cisl jl^>3 j 3 JIa ^La cJ^ _1 jc_o_ (_ajla V | lj^a <^1331 ^J| 

(■ 3^1 

■lal i n t n^f <uJliJ.I oLjlHI (j-* I 

cL^JL OJLA <_AJ Ia dU3 3)^ LlILcJ ciljj <-all d£-l^3 

<Jllil Jjla_ <-u <2005 5a_a_u _II 

H^LaLaJI 3>°] k>j <1^ _ ^0j R> 

<*\ \ A Vi £t_ cajlclA j\^A <((<JlLsI^AaajJI ^-lc 6 J-ojl»_o CjLlajjI 

J! ^ „ " . 0 

^jajIaJI 6J _ 3LA 3)^ ^- aJ ^ 1 1 ^ CjI 3 CjI _Q ^J-3L^ 3 ^ Ial^A t_J ^ _ II 

J-OJLA_<_UA jSA <4 jlS^LL^I <JL^.ljJI ^jA 5J J\h* VIalSI ^ A A ^ LoJlS 

. 6 JA jAi. <_1 a_(_U I 3^ CjIaL^. 1 ^^O^L-VA_<_uV ^1 I JjLlmJI 

Jj —4a-oU- <j^] < L _ r ^j'jS ,M> (j)j <2006 <i—^ 

— neural networks 1 ' 'd-u j .not II oKt < nl) JjI [jjjllijl ^ 

, 4 " 9 ' * " 

<L^Jl»_c ^Jjlaaj A<i ill j^LajJI xlQ 1a_<_oa CjLlc3)jI^a^. 

3>C <(( l^-JLAjjA)) 3 > ^OA — JA^L3 j 3^| (Y) 4_iTLnt <LL)^laA CjLgJ-Lx.1I 

Cj) jl j3JI jIajL^.1 j lJJjJIA ^.lc <<JL^|j CjVL^a 5aLxju-uVI J^AjIa 
.<^aLujlc cjVL^. ^^3 IjL^iLkl 5 Jja11I 
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a^u^fjbdi jku :1997 

j' a a * <i»_9 iJjLaluIS .G> j io i ii II 

Deep Blue JjIAJI o^.L-JI 
.(IBM Ijj-uJI £_iu3 

<j^a .s .J> :2000 

^ «3J1 Jj^LkU j i nl 

.5Jjl JLaaaujVI 


<j^ujoji .M> :2004 — 

<J£uj jjjl .L .S>j 

t^aUXI JpLkl 

.Ca^L-oj^l ^ 


«jU>» :2010 — 

<L^^i SJLauI JjI 


t 


~r 




2000 


<jj^ .R> : 1 993 

.<Ji<jC»l 


- tyi aj^f < ^ a ^- J> • 1991 

3-JVI iUS^Jsl .-.I <-x(ptl 

2JLcaj] j^j). «GJLLs ^ 


— .s .w> : 1 952 

J^I jxiii 


aJUaiVi :1927 

«Maschinenmensch» 
Metropolis c^L-aJI *i^n 
(jrUuJ/ -F>J 

.jjJllJI Cu>«4 ijJ» 


J/i R> :1979 

^3 3 II... *| d l'\<a*\ ^ -~v. r. 

^Qj| lai. jiL C^La. 
.l^j|j^.1 j* 



HAL 9000 o^oLJI :1968 

^a-LAJI ^ jj-ojJI Jj^lL> 

2001: A Space Odyssey 
.<dj.S>J 


t— r—i— r °—\—r 


— ■ A> • 1950 

jLlL^I ^Ij^I £jaiL» 

.^1 


1950 



I, Robot 2u^ i :1942 

<lJ< jul j3 u 

.^jUabvi ^ mui 


1900 


^ 1 IS~1 A 


^ J 


I JjlLI dh°J <CjI jxju 


w Jaj 1 OljSjSi 

ill_t_aj>! ^_9 s\\ \ , IJjlII LjljLs d)-° 

<^j-djJI £-JUu- 0 ^ ( j-c <NaO ((jlj)) ^_t-uI Lfl vie ll^Jial 

9 

tg i^W ^j .cjLJL-oj^U Aldebaran ia luj jiJI 

<djJ-!l JjLjlL <jJI <L^jjl1Ij 

( a.i.x >,1 aJUJI (JLqjljlo-uL <julUIA^j <<J jLa^Ij 

. 1 JjlC I <J 1-<_u^ ( _^ ^ -du 

** P ^ # v ^ p 

jll ^ initial input L-Jjl ill <_ojVI \Ts 

^J-O CjLoj-Ls-o ^—k. (J-oji— tlu (SjLsJI tjmk (j(J^ 

U^Jljlil ^ JJ A AII ^ J-OJ <^ljJ—II (JjLjd Jjl£.Ij-o :Jjlc 

I J_A [ }j*2 J_ail ^j^ijJI jl (f .\jjJI JjljLi 

^j-c 6^^j-ll _ <-Ola1 I 6 JjLa1I JjJ_<^-<-<£Sl 9^I _<-*kJI 


.i!L-ajVI encoded 

^_l£. L^jlS ^jOuLi ilL^ Lju-ujJ JAS < LjulAj jlsJ Jjl jLlL^.I£!j 

djJlj jL*_tjj|j <j) jJ Jjl-juLi _ij_LI jJL\ jj ill_caJ^fl 

<Jjljll ill cojVI / .(jixJjII JjlLoj Lojlc ^j-2lj_o 

6 jjli ^-I-C. ^j^ljj-LI Jj_ ls~i Ji-jj| :qLl^Ij ii^lj (j\ _j 

jj-^ ojj < —^Ijj—II dh° ^ 

iJ^Uj _ ojI ^| jI^I j tf-\ jjJI (Jjl-^d ^j£. ^LjlLcVI s 


.6JjLa1I 6J-A *1^1 Jjl 9 jJ^JUu-ail <<^ljjJI ^IsljLJ 

t 

^j£- Lt^jJI ^J>c L^Ljl^ ilLaJ^I uni ^JA.jJI I 

^ *> 

^ ji ii^HJI oLlc^IjJI dh 0 (j— 

. UjlJ^lcul J\ ^Lji\ ^ Sjlii : AN IDEA WITH LEGS (*) 

Toward Machine Ethics (\) 
.<JVI Ik] ji jJI <iU UMis. <c jLuaj)fl lk\ : natural language (r) 


v^b (^>°j l-uilj (j^ J\ c5^0 o^f^l 

oL^VI (JJU |j ^_lc <Lt-^Lk. < is\ \ iJ^l aL-u! ^.I^JL^.1 

Cj) jJLi (—u^.1 ^Jl I jifc d)'- 1 1 ^ c - ‘4 * ^ II CJ J-L-<jJI jLo-cOuO ^_a 

9 

J±L I Ij-ll jJLSjj ill_^1 £.\\x A I LojlS <L^ i 

iU.lc e-s-sl^-tl lJIjIsJI jX^LcI ^Jl Cj^jI-<-<j l-^-i I ^1 <(^3^ 

.^j-^jj-LI (JIjlLcI jjlj 

CjVL^. d)^ il^fl -\ J 3LJ <-U--vjJ j 

^ 53 ^ ^ 

jj-=^ IjjII cjjJj (^-IVI jxJjLllI dd 

^1 — ^j-^Jj-LI jl^ <Lt^jL»_c iA^ll iilcjJI ill_ <-^y 

ijK^ll dj£- o 1 ^j-x-ojL1 I I aK — <jIj id^L^ju-ul 

cjjj— cuj ji <^_>Sj (3 jJ 
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0 - 2 j-ll jjdj < L^.Lcc^ 6 j *V«Lat-J 1 4_cl_coll La jlcj 

ll_& jtd LJj .4_ jIjj Jjtllj eVjill 0^.1 jjdlll jl_^ j 2 

^-Lc Lajda jLc^ J 2 l 2 dj£-l_call ^xj JAj ^.c-s.ljj ^- 2 j J_a_»_ll 

« ^ « tfi ** ' 

4a2Vd.VI 4 JLcajljVI <dll jl £OlI 1 _luj ll_Aj dlj_cu La JS 

(_£j-> j-^V tddj ^dj . 6 ^ljJ 4ak*lj J—jail dill jd> Jail 

j, 1 * 

jdj-lj — ^Ijjjdll £C_al_jj 1 OftLcaa ^2 j^^jJll_cu-a ^Vjlll 

ill_calVI oj_ Lj 111_ 2 . The Price Is Right jl The View 

of & J * 

\ la jlalll 4_ll*_a dJ L^. 1J 4_al ^jjj _J j| Jail 4_L 2 VcdVI 

CJJ* aV< \ A ill ( J 1-2.11 ^_lc tCd-CUj| I 4 I L^) Us, : 42 LL j j <J jVI 

J 

J J_dj 4_2 jJl 1I 4ajlj (^-11 dJjLs _2 < l a u 2 l 6 L^l I i ->k I j la jlc 

. L^aLjllaa j^. x7i 

machine ethics 4-JVI j*)L-dJ dj^aa jl j-^VI £_ 21 jj 

^ 9 . * 

Cdl^ jl j a^JLjj j-a 4oJ1 Lul^-jjI Laj . djLI Jail 4 nC Jjlj ladl a 

^lll <JL2iLk^fl jjLlI jLi iLol llcUj2j tybu <5_iJjL^_OJJ 4oljOa 

djVLcalVI 4 -Lol^> tiljl au 4 \-vjll I 4 JIaa!.cu I jdaa <4_1| 1 (j <ladl 

jl ^_2 aJOj Vj . Vj_l 2 jadl jl_calVI &Lal l ^ 22 lj-a J_Scaj 

dill f4aaJ&VI jJL j_a I djVLcalVI ^_2 4jl 2^LL^I jjlall ^JJJJ-C 

LoJj 4adl-ll O Z 'l_CUJ_^ I ^jLi ^J> — jCU A. ^ L 11 iy 111 I_ aJ I I 

jX^_i J_cOO J 22 < *uj 2 JI tilJ Lull J ^c^-calo V J-^l ^lc i_ 2 j is^i'Cs 

^-LOX) J 2 ^1 j-oj < l^lLc^J 4 1 21 a nil oVI_(_ul^l lai ^J| j-a^fl 

.^c-lijJI a-x^ ^^2 4 a all ^JlIa-oJI ^l^lJI J \ 2 l a a ^ 
cilkil 4_>1^1 ^-2 jljl ^_IVI j^Lkl jl l_ 2 l>^ 1 =JI j-oj 

" " f 

((4jl3L2|jJI )) 4jjj-ll Jj-il J 2 j < Loj_aC j^Lk^fl Q\Aa ^_2 

LS^Lcu L^l L LlSllI ^1 j,jSl c 5 xl^JI pKIJI 


jCJLOjjl^VI Jjl 2 j-c Jj^ll J. JallJI L^jlo j-tluJI Ol£. L2^1ix.l 

^ ^ jjj ^ >2 0^ 

oWI J—22 <^jjj j-oj . jlLk^l ^_2 j-c^L-oJt^.VI 

j-O jJLA^ LT^ 1-^1 L^J) 1 A A I jj) 2ll 1 ^ L \ 1 A A ijjjJ 1 Ll 2_<_u_o 

53 " ^ 

ljJ2 j_o 4_i ^-1 -COJ t. 

J>- 7 Lo dll j _tiuJI ^jl> j^i 

1 ^ (JxiLlII L^>.UrvJ V iijo 1-liLxo ol jl ^2 A^> ^ 1 c 

jj)^ Xjljj 4jl 2^LL| ill_call ^_o jiGJI jsJ jj . oLj^fl ^ U^. ^_2 

■ . LSjJ_cu g. 1 ,0^1 ^ HcL jxL^fl jo jxja ^2 


ethical elder (^) 


- Sjl jicuMJ £-2>.l jO - 

IEEE Intelligent Systems. Special issue on machine ethics. July/August2006. 
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Machine Ethics: Creating an Ethical Intelligent Agent Michael Anderson and Susan Leigh 
Anderson in Al Magazine, Vol. 28, No. 4, pages 15-26; Winter 2007 
Moral Machines: Teaching Robots Right from Wrong. Colin Allen and Wendell Wallach. Oxford 
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jUJjM 


Michael Anderson 


^Jc _LC L<-llo jll^u/j <£j£j1uj£ ix-3 Lz. ^J-O 
Lu^J! pl^jJLi 1 <y // HjjJs lzjLcI oTi^t/ ‘d. j^/-v 1 f I I 



Susan Leigh Anderson 

SjLlt.a/j ‘(JJJJ j >/ — LujjAjJI^ ix-oLs. i ^yo SjgL*. 


■ it = L ^ d 




4-JjjJI Sjjlll^ \l~i 17 <^jjuujj jj/ ,M> £-o t << / 2005 

!5j) ^ dZlS' Lugs to# t. machine ethics 4j$! cjUs^LLi 
. ^J-)^±Xsl^ ix-oL*. Cj Lcj IA ^ jJi 



j-o CjLji a_o 1 I dill ^ lc I^LlJ 11 Lul 4_2 ll-N. ^ Jl S_21 

0 J2 

^ jj-A^J ^^42 ‘.CjIj .II JJJ O ol^ 

4_2i.j jJI I 42 J-I. JI CjLt 4 .lj.il <^IjI jc L-la»jJI CjLjJl. 


IjI 


LoJ 2 -c — L 5 clLl. , ^l 1 ^ lj\l Ulj — jjsllll I 4 J -2 jc_Jla-OlJ ^—ill 

4JL_ajljVI jl Ll& 6 jl clVI ^ 1 . J . J-X^ dll I ^ lc. 

1 A^> 1 4^4jJ ^jJI j^VI J-cOlJ l £\\ 1 ^. VI oJ- 2 l^ll jU_a 1 L> ^tj 2 j 

++ y 9- ^ 

< 6 jJQ^ *JjLs ;■ LuAJ j I jj ■ Xl <_i^ij£. jjAjjJ .1 I (j 

..IjJI <(JjUa uunt 

IjIxjJ a_Vdl 5JI_^1 j_o joj^il ^lj_all) J_*Jj 

^1 £t_(EthEl :\ jl— lUI) 0 ) ju_cJU 

4^jJ_ LJJ ojl IJ4 j I jjui_ LJJ I j_o 4l5Lo a I J i2>l jl^ | ^2 Vd I 

^ 2 11 Loj-o£. ^_LLlllI oJj -1 _cu I jL» I A If. tlillsl ^_cujVI 

^_2 IJjlII dill <J L-aj 1 VI (J-oa 1 _<_uj LlAj • Jd. JS ^1^ I d^-lj 

" j t 

jjSa ^ jjdi <. <cjy— jIj tei 

of " ^ ^ 55 

Lojl 2 j -j^- 1 cev I j 4 iL-sdVI jOLx> I jJ 

.^^-Ci.lj-aj ^ja Cjlj-^.V 

^J^.1 ^_2 Jail 4jL2VdVI 4 -IL-ojVI t 22 a jSLJI jLadl ^2 

"9 ^ ^ 

j^ COJ jl La j . I I ilLLJI ^Hj 4 lj_A-tf 2 >J-O <LI jjll 

l-icl_call ^ id 2*1 ^_2 l^JL^I j j-oJL^j ^ d. La Lai L—^lLjLLa 

41jJl 1I ^Ldl 2 jlLll2 < call jV-cd 1^1 J 

jLd^.1^ — 1 Jail I L^lLa jd j jl J II «tVjl >.\A.2ll 

^llal j^J .Ijdfcj tjjal Jfjl ill-cuj Jllj ac-jIjojjJI j-a 

JS Jjl ^_2 ja 2 jlll 4 nj ia CjLjlcaa Jd_cal <^.1 ^ all Lfcjalll 
L^all <_jja-a Lajdj .4_ 2 j^. jl dljjll 4 a^ 1L JadL c-J_^.1J 

'9 £ ,*>* 

Jjjlll ida L^LaLoI jl_ 2 <4 dj^LCi ^ Lc jl_ a_uI dlj£.j-a Jajl 

jL^ ^1 j-oj <C ^ 1 VI jj 2 j jjJ ilj-Ldl caaljJ L^ijd 

J *-2 ^ I—jVI t—calj-ll dl —11 

Jjjlll LxLj L^-cV-jIj 4_cdj-a-a jC Q-n. ill ^11 jjLl dl_llJ 

^Jl 4 J1 a t\ 1 VI Jjjlj <4 a^ II 6 J 4 I L^-aLall ^ jlj ( L^aLa jd ^11 

<6j£.Lcail aj J2l ^^2 1 ^ 14 .1 JJ ^V-L-cdVI ^ L^ljJ.-cu 

.4aJ2llll 1 q \ V j-v 4_2aGLcAj-a 
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.£c_jjLjL1I JjlS Lo 4 ^Lu-Loj 

NMR <J\ _JijJI 6j g y) cVLoXo _ (_ul 

JJLJ jl^a JS ^2 jl _cojljVIj Clj-> 5-1 

A _liLllI 6J-A I_LO C_1 is~i | j| 

^^-k. SjjLjJl <JjlgVI C^-lj .£_cujl jUal LT^" 

^ Magritek j ill J-o£. j-& L^-lLixlcJ 
I^-cu^'G ^ djLi ^1 1 J jT^J b 

j\jjJI ^_a j_ jJJI o_^Lill] <jl_&Vl^ .p> 

J-OAJU-UJ JLo£.| t_uL^. ^Jlj . [NMR 

lH>Ul> <i^a cl j A \ 1 c \ \ j^La *>-^1 

g 

^kJI 4 jlLj^ JjlLJlJ 

Jl \ 1 11 ^jijJLJ ^ l_U I JJ)W 11 (^.J^lAJ I i J \ 1 

. global warming jlJk^MJ tilLub 


^JliiJI NMR ju^JI ^ Olj^laUI 

<Ujj)jl^> j_ao. 6 jJl^.VI <1_JjVl 

^j-ll _ cuJlLlIs-II Ja^I (jxuL^cO <J_ljO>J 

j\_ ooj A. jJU jXjl jJI jL^JI ^j<i iLiix a 6jJjj 

NMR Sjlj £. tWi_<_oj t dU jJ A ^ i*nj .<1_laj 

JU^c ^<jf c£j>^ 

<o.Vjl&j11 £j,JlL11 6 Jj&j . l^-Sj-S £_cj_p ejjS 
SjlL JLoXjLloV Q^l^ll ^Lo I «_> IjJ I Cl -s.1 q 

fjfllj *cp£>?^ u —* NMR £/jJI 

4 Cih'v a _coJ jj_IcJJI * 

j 1 *v\c A. -V \ NMR j\jj jxLlj £_JU-oJ JsljIJlII 
. <ju>L- caUl cl jl;;^V1 Jj^.V s_^_aJI 
j-o ^JL^JI jl^ ^ 11 jl_ jc jV 

jll JV\» ^ £-A (jj\^ C_Liljfc jIjlC |j_ii) ^ULTV 


£-o \ \ 

-coil 


<l_ IaKj ,\li < 


J- 


L>^ 


Lo Cj-S 


Cj- 2 j .<-JlIU 


<Jj^^kll NMR 6j ^ ^I ^Lu 

(J \ Sjlu ^ la a . ^ I ^ k >7)11 jL qJlLi-l) jU ^llll 

A K A ^jIjlj .-Lull s .Jllil 

NMR c ^4-y^ _ L ^ > ^ *—11 ^ < 5 ^ l^- 1 j) I 

6 ^) (JluJIj 4-> 11 a 11 »^ , ^ \ ^XJ _Jjko 

Jl_tjxc V ^Jilul Li-Sj 

■ .\^ jjaJL Star Trek J-^jlL^ 

Progress in Mobile NMR (*) 
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(jtf-Uf ujLU) 27 <Luj 

Jjl —ulla Vil jjUl o i»i 

NMR j .£ju1 ^jlcL^iJI 

^jLclll <il!iS JjlL^j ^jlUju_uj 

^ikLI qLajlU j_c <ajlU JS 

CjljlkVI jjJ j—CJ 

5jljI£-cVI 6J-A Cj-S-!| <|jJ .(jjlsJI 
.jLu-oll <ul-^ C) Jl U-S.V1 

jl_all) NMR (jft _jj) 6jl_Ll j_ixu 

^Jl J isT\ < ^k\k ^ jl_ clC^/ i jlil Cjl_ AjlU 

jlfcJI Ij-A J^- .cl _(_u Ax i A \ 

a NMR (j>\jijJl &jl_Jul ^,tu \N\all 

I jl (I jJj jl^Jl j-o A\ \a ^ ial_ ujlc 

A aN\l 1 dlfc Jjjgj 6jlll ^Jjl 

IjL^^k (A ahk.ll jlLaVI CjIcjlU jJLC <L-ul An-s.ll 
^_lc ^2 j-oj) T 2 ^jlojJI culm ^ulS 

xml 1 C)il_ 

ill O^UxlcuVI 


C>J •<—J^ ^ (51jI 
^yu^Jl S^LaJ 4_^_iL 


(^jJI ^IjulII J^oll JjlL^j :NMR 

is>l_ LlII L^jloj^ CjIj_ojJjjJL 

^ (_ujj| CiU^Us j x^l jli l \A \\ 11 uJJ^JLl J 

.^-LcuAjJI (^A-oLcu^JI ^JlALlxjlo CjI^J 

a cjLsjulLlL!I j ^.ij 

ji^. JC-U_UJ C^U jlj-ai! 4 jlL^.I J JaLcul ^LuL 

( XJloJju j cIajlU C^U j I iljLO jl caj^n 

JjlS . A a s \ ell CjL^J-UI Cjkl-AJ l_^ u j 

LjluIcj I aAjlU < Jill) Jjljl uu ^ lc- <CjI jS ljj 

<Otzi —ii^JI J^JI 6 ^jI—<- aJI 

ikj-Lmi eLujmi ^j-^mi j i^x 11 

^.Ic JLmi JLl_ cujLo 1_AC^.J ^_ill 1 CL2X 

(ju Jjjmi _k. J_ikJI *_JIC I_ oCjl£. 1991 

jc. > axti^ll Ul^ jl^ jj^L> LJlkjl j I_ujlaIII 

LluL^. laNa^ jL^J l> jjmi I j_A J .<M 

< J \ 1 11 j-0 A _LjlU (£ jJ J" J) jj 1 I_J j-Axll 

JU colli J A LjlLjj 

cl j ijLokxJI <JLJuJI \ AlAz J (A JL2kJ (^jJI 

jjj) x^ll Ica j\_> jL j . A a \^ < \ 11 ^jl^Iaxo y I 6 jLII 

l a 1 x 1 Aa \k>c A r\ \a jj 4o| ^.UslJlLI ^_ajloVI 

DNA ljj clkj^. j c. jJL^ju jjjJI jl 5VI 
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JfflafaUat 12/11 26 aiaju 

UllCHoom 2010 j-LdU-UjJ / 


f^\ 


4 -itx jLujVI 4 Jt 1 ita-ll 

Ijlj .J^.2 7 £_o / <i dj ijj-//? (jijSJ/ (_£-$-> jLl£ (SjIj)](ii! 

■ <t -C* 4'6 c J^> (S^-° uJ^ u-^ ‘ LH LV cr*^0^ ^ 

<Jj^l D .A> 


6jJ^J ((j£jl_L3l_il <Jljiil Jya J-3LJI ej_CjLjliJ I_^.jJuLa 

4il^l (A) aM\JI _ Joj < LJ^ &j^j_a 4_jjikj ol j-2^L J_ o7l 

JjU_Jul <4_j|jjJI JjLO .4_ljjlll ^£JJlllJ 4ji_t <1 \lVl» Aj^Jl ^Jl 

4-jjlVill 5 ju_ujljjJI <L^ _<LjjloJ ^_3 <L^J-lij|J> 

w ** 

4-Cj-A-^_A I Ij^J-SJ (^IjjLlI ^J-OJlI l \ \^ L_sJ| . 6 JL^.J-l1 

<*U4lut—Lxj culIU jja j .Lake View <jl j i*_> cj! cutjjJI ^ 

4_jt_o l_^, J^_cj <J^1 .D ,A> 

i Cj LjlajJ I 6 j_A JJH-OlA Jj^» <lSjJUljIj> £-0 [jjlsi_<-Uj_> 

^J ni^ < (W) (LHC) JjVl 

1 3-jI^ l-j j£ CERN jll ^_a (JjI^JI) 0 j^lll 

.CjLoa^JI Ujjtj ( "j%& CjIaiuia - \yA' 

jijLadU /jj ✓ jtf-dj/ 4luj JjJ : (SA) jlS j^j/ <7 1 ji 1 iLut 
JjL* 4jJ JA t ^-// c^M j-LiSJ/ fUldl !j-LL4 Jjjl/L LHC 
(1 ry ^-j d-uLSLJUSjkiVUI *LaJ Lu JjUL jJuuJ) 
?djJj Ld .Jbi jjJjxJ! jj&J)( j* Jj¥! ddt// ( ' r Utuadlj 

Sjjj ojj^. jj-i-oj - j—^ ^jl jVvc 1 :^_jlL/^ 

LT 1 ^ ^ 

“DR. UNIFICATION” : ( _ f l^VI (*) 


electroweak (r) 
spontaneously broken (i) 
the strong nuclear force (*v) 
gravity (A) 

the Large Hadron Collider (\») 
the quantum (H) 


Leptons (\) 
weak bosons (r) 
quarks ( 0 ) 

the standard model of particle physics (V) 
unified theory (<\) 
Higgs particles (U) 
the relativity (W) 


jk ^\j ^JLd <-u> (JLi ^-Ic 6JU--y CjI J 

^y/^JpJ <Ll& jjL^JLs jiJ .Ajijlji_<-u J1 ^ ^ 

dUj I_ aj 4-v ci^,ll e-k j \SjL-jjul-1 LI! 

^.LojLaI ^Lj Cv^ll) I J_A J4rvj jaJ . _uuJI CjI^)Ll£.j 

^LjjLkJI oL^-»I j _ ji^I £ja 4j^J < 1967 ^lc 6j _ tiu 

1979 ^.LxJ *<<lj < 

-Sh>j JjlC J-cl^-c 

^J-O <j| <l^j_Jl1jIj> Ij r\-» ^_ 3 

: Lo_a j 5 xjulLJI ^j-o ^jl ^oll 

Lo^l J^.1 4 _ 3 Jjuk.ll < 4_kjL3u_oJ I ijji^lll S s _^JIj 4un 

j-AU=la ^J_c ^j-i^Jsua < L&jifcUa LoIj 1-3 

6 Ja J-2k. CjLojl < oLuj <JjklJl ' ’ 7i A»j ^ < 

(Jjl3 ^_3 cJ^IL-uj ^^4 \X (^1 1) oLjI i,jl^ 

jklilll I J-A Jt. 1 1 C kjfC 1 ll <L^^JLJLilj> lj\ JJ .4 3 1» aAII 

JjjjLjLjjLkJI (JjAj La^ jl < LlL^. 43.i* a.Aj^J1 ^j _kil ^JLJljlLJI 

^JaIIj 4un Aj^JI (^JaII jJjLi ’ 1 ’ 1—i^4c Ij 

^jjJI ^jAsJI jlaLjuJI jL-u^jI 6jjjJu_uj .4 jl»Lula 4 3Ut-uaJl 

(fl) CjL^jI^JLS CjI a Wi^ A XU 

4jl \ \.U11 4jl 1 U 6j3 4 jjJ=lJ ^_3 1A A 1 1 <L$jJlL) I j> _<_u I j 

CjL jl4lJl 6AAJ coJI 

^J1 J^jJs 1 a i)L> ( 3 jjJl11 <c ^jIII jxJLsJJ Jjl Anil jJi-1n3 \ 11 Lxa 


( v Ui 


4 juulLx 1 I j)j£.| 


oLaxuj^JI pbjjiJ ^jLlxXI 

<L^jJLJLilJ> J-OJ_<-ul < J-V^JI <-JJ‘J J 


LkL 


pl__jj_L3 <^SJ> J—lb L-0 lS 

. Ll^ jJ JOl-cu jSJI ^j—k. uU Un\ 


^j—Jjj <lXuOJ (jjJI ^jjAlll J t IJ 

Ljljlll 4 -ojjlXI 4jUaJI 

(jjal parallel universes 
.SjjjuXI jxll jxU 3jjjXI 4Jj|joXI 


JJ^-aJI ^ujI JUxJI dJj kid 

<J_L^.jUI ^L_ajI ^—II 4_Lj|jJ| 
^wx> dLljj jl_ij^| 4_jIjlaj 
dO-xjxjJI 3jiJI ^j ^gravity <JUUI 
^jUxtl JljiU 4-Ucij V ^1 


J_>j—ujd) jj-3JI Qlnuti k _ 5 —3 
^—1-0 J ^__U. <>Sj-i'ul J> J£|_UJ 

:(JjLiaXI JIj-IaII Jo^Ltj 

4_ijjUI (Jj_3l1Ij a ( ,,, <U\* a 1 j ^dI 

4_ijjll| J J—3-11 4_»ijlxj 3 (4„.,4\X<A1| 

.dJJjxuJI 


^L-jjjkiil l5 ^u_ujVI jl 

Sj-xjo 4 _j jlaj j jA ii—ljjAaJI 

I j—(2a ^Jj (4 t 1 ihll 

jjuljIj j4 fu(i> ^L^_ujI jLduAtl 
. juL-kJI jjj_u 
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dillL_J_ COJJ J)jmll ^Jl Id-A ^_a LaLlc_ LJJJ 

^JJULL^. | LcLol 1 Q C j)/f41 I JJfe << 3 1* A^ll 

JjlSj jtlull jl_ cu^jI j <ajIU dll_1& <jl VI 

<«JLJI 6jJb ^_S j . \ ft \ a < t 1 Jj Vj 6jJd\ bJ-iJuLjj 

(j-o j—Jji <Id^. IdJd—Jj SdJdcJI ^^Lll O’ •—*—^ 

Lilj <Jn < \ a< ij a xi .L> cJju—J ul dll .^LdLaJI SdJj—tlJI ^£^dll 
jJ^SGdSd I *L c_<_UJ IV^^I ^-1^- (J-£^_ culc A Vi S 

L£ < <dJL*_i-oJ I dJ 1 \ J)^ J) 4 1 I (^J ^ * J) \ \ \ I I 1 ^ \*\ A \ 'Technicolor 
dJ^l^-cLc ^^-3 £-dJ Lftj5 Jj 4jlL-^^I < <Q» <j^lajj| JjLdJ 

^^(jJlj-i V (J^J^IslJlII ^jAs-J ^j| . djl^jl jill d^ jJi_<■ ■<t<TiI 6j-id£- 

. pLLlII ^ If. ^Jjdllxjj <-Jj1Vl 11 &d-A jlLal ^^-2 ^Jj LgJLJ 

_<-u_3 <dlld^ j-c^fl I dlj . I >.s*i dll J ^ 5 j 

<L^ Jjj jj ^Jl jjJ j^jq^jLII <LHC ^jL-olLI 

.SjJd^JI dJL cju-uj^JI ^j_o <lcl£ 

d^j dAa j^jlA jxj_ lu^. LHC ^jL-olLI d^j jJ ^jLa < Id*C^j 

jdM jJslj —Sj ^—sl^a J jkjjj C Uj— tit 

(£ I dJ^l jaJ ^jl ^jLu-^Lj _jslll ^_3 £^j3jJI ^Lal I_ \ \\ c s 


. d->d^. 


^-\ \ A < i 


llikj 


^)Lu_<jL^JI ^_S dA.G 


LT^I ^ C '-^- s t—^* A1 (j -0 VI <Jyj-JlsJI (J^-1I 

^j^-1 jaJ ^^_dj d)^ dd-G V (J-UdJI I j_A Lh° • dll j 

! ^.jlLlLcu I V I d < V^J — ^iUaVI ^-1^ l-*- 2 ^^ 0 

d»-) Lc ^L-^l J _A ej_ijAll (^dil ^ 5 -^ I _^jl 

d^d^JI ^Ls-C ^ \l~T\ ni) d^. ^jJI Li-Guil Jd_i-*2ijJI J ^^LlxII dl ^-1*1 

. ^Lil-^d d^-Lu-u dlljiJ d^-ujJ f. Jj ^_2 j La£. <dILi 

iijlaj ^jJI jlil <1 _U-S LgjlS ^1=ljJI dll j 

V l\V\ 1j j CjLoJu-t 

. LjJ ^JjulLcu >, Ll\ 

<» \ dm 11 ^Lo I_a^_a l\^ ^ (J U. Ljlj I Lcj U. J_jal£-1 j 

d^lxcu dllj ^jLs .qL^L-u-II ^«a£.| 

L. '* ‘ ^ 11 ( IaJLOC I "\\ \ > dsl \J ^I'N x7l - Ktl _ LJJ qII I dd) < <_iJl_3t_lI 

‘dej^ jj>° d^ <La ^ tj j>^ ^>'1 C5-^ 
^/jlaLlII df^ (j-o <Lk>G> jX^_a <Ju_ajJLi Od^. L J> 

< c1hj^ 1> d°—cjd' <j-oVI *Jalj -olillj 

j - w ♦* 

f. |j_<_u < <_o Lc 6jd> ^ ^JX> 111 I jJl\-G ^-2 ^\£\C. jl I ^Jjilj 

jL-ojLaVI jll l-d -(jl_‘-‘G^l SLltwj jl j-^^I 

<^JLJi_ Ju d^l^-a (jl d^lc. 1J .(jjdll J <_OJ Lu.g-11 j Ll^.jJJJllII J 


. iL»_a <_c ll < » uhl 1 5-»jlsl I l ^h^)j Lc I j I 


d^. i A 


jji^l <jJ JjOjlu <JLJljlLl 11 I ^ c 4 i ijl ^lll 6 jJ) dj~^ W^>1 Sk] 

< » \ \l~f\ ( LJ 6 jJL^-C jJ U dul^ ^lll Jj-C^l CjjI_<-^J 

<-c^_Lc <6jdJI d^l^ 4 ^-<_uLcjLc CjLcju-o^JI da ^jJlII (^^J-sJI 

ljL*-li ^ (jl (j-L _ 6 ^' ‘dj 6 — 

jJlcII ^jl_ixil dl^-l'l CdLcJi ao. d LaC dj^_<-Hll^ 

Jji <_all _ LJJ ^jLa i I d^-AJ . l^-J jJLcIj ill CjI 1 A^illj 

ld->d- 2 ^ 4^-Jj-C J(J-^I *_sLid^l J <^Jlj_C ^dG djll^ ^lll pi \ xVt^fl 

<(jdCL^J Jj^_C <lj . J L3LJ J_c I J^I i-uIL-u dJ-2^-11 djl J 

dJ 1^Lid^f 1 ^ 13 Jj V < LdJ I d ^ <-o Ijlj I dV\C, I ^ \ \\ 1 

5jLC_A^fl ^^JLJLC dj-^G <Jadj _<_U dillJ . ^^jj| IdA 

.^j-tluJI <i \^ 11 ^jisJI jc_j^IjJI ^_a 


^ £i t 'i 'ULj ^jjJLjjJJ/ J^U LHC jAjLu^X! : SA 
dtiuic <LL& j jj JjUUI J^jUblJI ixljLs jj$ jjLI /j-lj 
CjL i Uii j <4 4 iXi AH £jLjjJjjJIS j±l! CjL i JrU 

<tiu£±uj .CjLSjIjSJIj CjIjjjjSJ^ISSjUI 
:4, i ULj KfjjLu/a ib> 4&J jJjLUJf djJtitJj Jru JLJjAJI 
/m$ JtfJ .<L±jj±u 3Uj^U f duXi <!jjj Jjl\<L) Ljj/ 

?L*zu/ djJJLuj 

J_c J Ait^.1 ^lc <_t^LlJ| <jju_ajj| djljllG ddl .Ij-il 

supersymmetry (\) 


j. a<UI lJj^JI Ltf-jLi JdT td> oLuaa 4-4 ^>ju Lj IjjjS : SA 
^ JjjJbLu jjL^Uf ji /j£u <LHC jjLusljJJ Jj%! 
djdi jjJ! JmJ JS jLilc! ^*dJ Lii. L$j-jj jJ ljY 

£jLau<i*\ lS Ac (jjUxX! JIjjXIj ^4tXiArfSJ/ 

d^J^.J l^)5Ldl LlK ^jLLsLjII ^jG-ijllllI ItGL-A (d>^^ I^J _ 

L^.^jLLc ^£jlj dl>cJI (jl jtlllJI jLcul:l 

^jJI jtlull jlcuil < \ < \ ul*\ \c <_ * Hall SjJllljJI J_' * IdU 

..dd^. jXJ_t n^k dJ (lllj _calldJL^. d-oj^-c>^ L^l \ x Aj-C 

^jJI <L \A<< \11 6jJ) A^ill djd I ddl . j \ \ ft jXJ_uo. jC_ ojLs cJi^C 
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LojlS CjIj< j-a jLoJjil <jj^.1 

.JUil (J \ w <i ^ lc- A s [\ k. 11 4 _ojjl 1I <3lkll <Lstji5v5> A S\"\k a 

a1\ \ jJI cjIj^JI ^ s ^< ^f\\ \\jj$ (j-sjui <_u> t s is~^j j 

jl £\ S jl jII) _<-L kijikj )) <<L_ijkiJjJ-G .L> £_o 

cjVUJ (0 \(^J*a£ - oSlJj)) 

jl ^lLlILU Lo^-S .£j ifl A nil ^ j^uUj^j—UJl 4laJ j 

(ji <ipj UaIj^. 1 (ji <—p. <>A^.lj Cj\ u* (jj—^ 

<LUa1I L^-JlS jj^J 3JLaJI dllj^ ' <j£jJ^.^fl 

i \ \ I ''i a. 1* * *)l L^Uj i 4 \ 1 ^ \ I 1 ]|j , 9 \ 1 Q \ j_£ ( 4 \ o. 


<J_ij <_u^Lo> <_ijiaj £_o ( Lljljj^Gj Lijlk 1 ^ LlS 1_£jjJt_o La 

Jjl£.LLc <JUl^l £>o <4 i a <1 iViallj g-Lj^11 ^_2 

L5^ ^ <J-° L>^ J — ^ L>° ^ 

jjl-Ju U£ <o^jlo-uJ 1905 ^Lc ^ A^oLkil a \ \ < <i*\ 11 t_si xti^5sl Jkr^ 

.4 i^» is*i <_ijiki]| jj^j (31 jOj^UI <j-a «o*\1j&jj]> 

jtlUJI A _l&jLs \ LojlS A _t <i Vi jj_*_ lajJI j£jJ <jxi_J 

UulL Lo ^ t i i^_^_s.< ajlaUJ1 cjL^.L^jJI ciaL-^ ^iJI 

1 ia 1 * t i^-o ^ Jo a ^J (^.q £\ iaj ^jLulII Jl^iil A » 

dark (a rtiKt,)) a_Aiui sjUi ai« . ,„ •>! 


cjVL^. ^dl_!j^ <JLoJl ^_a 

j Jju Lc dx>^_du^l X <1 ^ Li J-Q>JJ (iltJL-%. ^jj)^ 11 

wis (^J^-1 CjV I_ ^J ( <JULA^. ^_il 1 <jL^j ^ 

^LLjjLij IjLc jl jiu-oJI / kJLi L^JlS Lx9^^ UJ _^ 

ik-\.^Li -c Vj ^)3jL^.Li J-Q>j_i VJ GjJLJkS <Cj_c<jLi 


^ LojjlC 

* ♦♦ *» ** 

3* * «UH J^Lcu 


jtluJI L^jI jl — I_- ( 'Matter 

ilol_l—ULi ^ jJI 6j(J) X^O*i ^J^oil Jjl-wjJI 

CjLoj i_U_2^J <AjJLj-oJI oGJ^JJ l!CjLoji t <i^k 

6 Ji ^ N A CJ^ Lo ^lj . JJ1 * 

. 1 Q> is~> 6j(jj x A i jIcLlsV <JlsI^ CjIjJlII 


.^2x3^^ J-A-Li c Gfs 

<Lojl»_II iilLJI ^jLi <_jj_Ju_s Lajoj 

Js x?n ^c. ral s5Li Lo_i 6j a^o 
^jJI ^jlj—6j jjj < IJ—6jja Cj-ljjlJ 


jLa 

^1 ,\4\iui dJj 

.4JS ,« -A~\ A. tl 


j_LS_S . | J_^. 6 ^LojlS-I I <1_£ ILJI L^JlS Lx3^ 

j <JjijLo.H> jJI^ju-lVLi <1998 ^Lc L^ju|j^.i oLI_ui\ 

<j I i —A -oIL»_o ii lla (g | | LJ tj£ G (<jjr^ I-tli .P> 

( l_3LJ^_t_a . Lo N ^ , ^J1 LsLJj_ juj L^-S 1 t n"i5> 1 £\ \ 1 6^-llS 

. (^/^lvLsJI JjlS ^J-O Ci S xVr^l jJs Cjjh^-* (J I J-*-> 


Anthropic i±^VI Ll^ CiI^j j!/ ; S>4 
Jmx/ jinA'i j ^2 fjc SjSA - principle 
jJlJJU Lul Jj£JI tfJUUJ JjSJI jJ$UzLj (jJ)JL.d 
(jZLuiU JjU ^jlluLJj 4<ih Li p L^i3* 
fjj^^jl^J \Ji <L±J ^Jc 

djj-uSJI &jJb <4A“ttU jJLLdi dJUSJj. miil JueAj jJ) IJ-UI 

ji dJ JtfJ -jjZlI ^jL-aJ Js. ZJjJuujU/ lu^Ud! 

? !j \ c 11 V i o V 

o < 1 a \«,«^ 11 M \ jljj 1— ljj i ! L^lj_i ^Li Jui ^-1^ l^x Li^ Lulj jU 


;JrULj UjjAJ! JtlIcJ ru Cudj jAJ : SA 
<&jLaJ/ iLuj-allij Ll±jJj^llujSJ! jjl&Aj d-ijJI dUjf 

4j 'jJa-dlj CjL i uu^JI ebjjj ^ jjlaJU Juj-// dll ji j 
4j^ ic djXrLaj djjud 4 -uLlj d? jAlLxj JgJ .Hljj^lSJ/ 

?(jdLzJ>i d-tlA ojlaju* H-lLlS 

^.xCj 1 dl_Ju dxi^ (3 * ^1 < u.Urv jjJ 1 j-oJi L^LiJil ^jVI 

<jdj Jjl^jjJI CjIjI_ujlo i ^jJ .dilj ^_S 

JjLJI ^ <j| . lV) iJjVI OLl U-a^Jl ^ 3 -S ^j-o 

.^jls)jJI ^JLsJL < 1 1<~> j\£si\ 1^1 Ia£. eLuJ^JI <j| 

6 Jjlt*. jJI J jl Jl<_ijlkj ^Jl ^JaJLi 1_o Ij illS 

JSQjJI 2 jk jial ^ i^UciUI j jjliil <^JLs_o sjjLsJI 

“Dark Worlds," by Jonathan Feng-Mark Trodden; :(^) 
Scientific American, November 2010 

jl choatic inflation (Y) 
Stephen Hawking (r) 
“The (Elusive) Theory of Everything," :^kjl (i) 
by Stephen Hawking and leonard Mlodinow; Scientific American, October 2010 

quantum-mechanical superposition (o) 
<(1995) 7/6 JjljJjJI ‘ f ^ C^\ < 11^7/ djul£-i-a J-I _ <-uAj (J-* J-*)) n) 

.54 ^ a a i /> 

elementary particles (V) 


JII \x'\ LlJij!S ^l^j| I S Li k ^ <Jliil J \yn 

<JUlo^. I j-A <Jjl1 . J 2^.1 J ^jLcj JJt_>J i^llo jl_S_s I A j^Ij 

Lo-c J\'\\ \ Lx3^^ jldjGl lx 3^“* ^ ^_ ( - L, l- < - u l LuuLi 

jLi^V I j i I A. \^JoC I CjI jLoJLil < Lijj) is~T\ 

— 6jjj£. ^Ii Lxi^f O' j-!l 

** >* 

<LsJjLk-c CjI i jJloII — 6j_ij£. II ((^l^_^.|» ^JlXj 

Jj <<JUjJaJl 1^ XA_<_oj L^.iS < 

J J J_iV j . 4 Q h k A 4_uLaj(J ‘LuLvo jtsLJ I 1 T^Vi J 

JJLJ I Lx3^ ^ LlJ I <4_ X I j_A i S x^Oij-i ^3_<_uL_u I 7)jJsG 

.^jVI J ikTi Lo-c 4_lc j i 
£\J _t-oj-U I J—A Jj_6j_ ail Cj _iJL^ I_ q J -lc 

( 3_lc 1 jGLLla iJIulS — I_-s. \^k I J_& Jlj-i Vj — 1987 ^.1_C 

1$ v3 jj_i ^IlJl CjL^L^GVI c_S_ \"\ ^ a 

<^)_2k] ^-Ij d>_° i kllL^J CjI S a^o 4_S Li ^ 

CjL^L^GVI 6J-A ul^. Ij . ^Ijlc 4_ojl3l 11 4_sLUJl 4 -sIjlS L_sJiLL^.l^ 

. ** < i < \\ \ 1 •A>J (T) (^J-uPjiJI) jJi 

jJLlAj LlA ^-Sli 6j-ij£- 4, vnloC 1 oljlpiil 
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< a v.wll <Lo-oiLI G^llS J-& <jJI LGd La ^jl AjjLLLI 

.4 \ 11 1 tjfr x \ii i ^1 ij^CIjuj jJ l ^ a a LjlLaIjG ^jJI 4julLJI 
<j jllll io}LJ| ^jl Jj-sJI JJ ^-3 dd a < 11 
<jIjij^I GjlG ^—a GLLL^Jl fj\ ( j—ioll c j-° oJ^f ^ 

^ OJ& -ur^^ 6-^ J—*J 

<Jlj1^a| Jj-~^a ^_A 4-JjLLtl <_aV _coll (jl . a.^ 11 cjl^X-ll 

J1a7ii LaIj2XJlS <jI LcaGI J^GLcoj 


<<jVI jl(^1 c> (5' H 

^jJI dljxVI ^1 <^£jLul1I (JIj _ill ^-3 <jls1. wALjJI aUs _cujJI 

dllj JaJj • ^ ^-AjlA.-^. (j -0 CjI iA* a*N (Jl^lil L&dGG 

j-GG *J Jill) Jj Ui< <j| j \ nGVl ( j^±juu 

Jji^JI 6 j-& ^_S jlalll <jl . L& J_GG u A ill 11 CjLoji co2>JI JlS 

^.Jjlll jJL lajlaG a Jltlj jlalll JjlXj J 2 X <j uLu 

.<_» Ilj \ La cJi^jG V lll^Jj LL>JjI £A-* aJ-aLGj ^axll Tj^Gj 


?<LuLl^JL? CuuuJ JLxG/^J ZjLjSJJ £l$jJ/ JXlJ L.4 i< : SA 

VI . ^£j2xl <ifl a ddjxxl I_L jlx jJj — ^LjJLkll ej_ 2 *. I 

^jlal (ilowLJ II <2^.J ^_Lcj <JjJULaj 6 JjL> Gsj_2k. L^l I 

^-LaJlJ ija^Lc. VJ .^jjj^.1 (jGuxL £_a <^jl_ddiG J-aS_i V ^Jjca 

<<UlLcaSVI ddVL*_GVIJ ^cJLa-OlaII <jlS (JL^a Vj <(JxiIjl!I Jj_al_i 
.<La^_S (j\. G^II ( ^V-oj ^j-a Jj a JJjJ V| ^j^-a ^ Vj 

C5^-^ J>>^ LS-^ *^-3^ (j- 4 s;33^3 

,_Ji.1 JU. j —as <^.L; ^j ^—It t _ s -jj1 .1—^ .- ' s< 1 ^1j 

_au <1 lj < lllLa£. I jxCJj (^jJI jj)^ a^kll Jjl _ laLJI 

^jG (J-aG La j <laJU La ^jjjLjlU _cal ^J ^jl 1\ \IC '* < ^ Jl^ 

■ .jxcjJI Ij^J LGH^G_ojI ^-iljl ^j! <4-ftjL-vl 




a lA^ C- * 1 1 ^ ^ cr*! ^ (') 

207 ^jGuj ^ylaJI 

the quantum theory of gravitation (r) 


-m$u]- 

Amir D. Aczel 

(Ji-aj ^Aj 'Jj^'“S,' ^ 1 «fJjJ!^ iljjIjj d h, ,,thtl J<j ^ a ( _" L ^ L <<j^f> 

j2j Present at the Creation .j/fixj U 1 ^Ll. L>L&j < «c. <* u ti l^Jjj^j Guggenheim 
. LHCCERN jSyJI <t<s ~>4 ^-‘C^-i ^h<H Ijubj <2010/11 < ">II<<~> 


- SjI jIGuMJ - 

Dreams of a Rnal Theory. Steven Weinberg. Vintage, 1994. 

The Asymptotic Safety Scenario in Quantum Gravity. Max Niedermaier and Martin Reuter in 
Living Reviews in Relativity, Vol. 9, No. 5; 2006. www.livingreviewsx)rg/liT-2006-5 
Lake Views: This Worid and the Universe. Steven Weinberg. Belknap Press, 2010. 

Present at the Creation: The Story of CERN and the Large Hadron Collider. Amir D. Aczel. 
Crown, 2010. 


Scientific American, November 2010 



GLfaJ) la^-a <LHC j&jGaJll oLiLx&a <^ol JIa *^muon ^ GlLo 

.ajj <S jliil (j Ul (j£. 


CjLjlal 4-iljLa 5_LLLa Gll^al dll_lA ^jl VI 

^jLl3l 1I Jl^lil ^-S <laJU_call dill s _ca < aa^ll 

Cxp. fasymptotically safe d ijliio ioV—<-u L^xa cul ^^lllj 

A-ojlS fSjJoUl d^liLLJI 4 jl^jl1a <-ojl2 ^Jl ^^Jl 6doi J-*xaJ 
.<ojL^1 V 6d-coJI dill jJlca^j <jl (jjJ La 

uJLusJl . SJ sll 25 j_A ^ 1 (J Ojj 

Cxoi . V I LujLG 4 a \ I cu d^Ljklll dlill^ I j I La /j l \ \1 

L^_jI *^l 4 j 1 Vi n 1 ^"1 '.-. JJ <_>J )(j n~s!l -.1 .1 . ..^ II j^su <-1 j^.Lj 

VI . I ^-JLiGal^_A ^_J dlv 1 aC jG 11 4Jl1Lj dlijl_C 2 

Jaxa ^JGlc (^-1^- ^j-cGjil Ijj—2 ^. I Ca^jjjVI (j-z ljj£. I 
<_cj)V \a cdjLu^G ^_a GjUil <_AV-<aJI Ij_G_2sGj 2000 ^Lc 
La^ ( LljLlcGGj Jjcx J^aV, \ <_SjJLA cdjLuj^jJI 6J-A ^jl I^XUJ 

^ JUJI 


c ‘j Ujy/ 4 j\jJcu L jc 4j jUU/ i /J Lu : SA 

jllj^fl 4 j^1g ^_s ^—l^c \ \ dLil jl 4 j^1g f^yi —^x. L^jI 

Hj Jj jJaljJI j\ \ Csj <J|.\ 0V\1I < a a*N 11 JjIL-JI 

A-aV-auJI Lajulj . £>L~Gl 6L^ll . I Jjd2x 
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JfflafaUat 12/11 26 aiaju 

UllCHoom 2010 j-LdU-UjJ /JaSJ 


f^\ 


f_**< UsJj-uJ! y ^ 9 1 ila //^ Lx II iJIj iS^yuh JlJ (— S^Lst-lf JjuJlU 

&jj& Ltf-aJj^JU-gj Sj-ila <Lu£j a. <LlUl1I <LhjuuJI 

. ZjjLU jjLts>U ldjJj J4 (J)LxJ! A) ^ 7< cjlS^yJaJI 


<, ,M> 


<_>Lo_2^ SjljJ CjI_uL-Ol^.1 3A3 2009 

^^1 jl jlj^J . (Y) (DEP) Lp la l . t ,m J 

^-La .<la^aJ-o <Cj_t_aj <Aa^fl jL»VI j—4^. 

^_aj <111 75 <_i_ cojlj cjjIj <2009 ^.l 

uiaj . <111 _3 87 <j _t-ajL 

“ J^' J— 


2010 


2009 Jl 2005 ^ l^ik ^L_ailJl 

j- 0 j] <J> JIaj .\^.J L_aVl < 1 V 2 

J 2010 ^.tc ^_a jJaJj till)) :[<1 jljJI <_»Lo^. 

cia V2I .((5000 Jl-JI cjLlILj jj£. Jjl* 

J J—^ eJ^VI J 

cju_(_uLu_uJlj ^LoLlJI _La jl jjl j_aJ 

jlJalj <<_oLsJI <14^>ll d>_c 


JiVI j—L-JI jLI jdc. jl_*jjl £_c 

jj-llAliJI ^_Cjl jJI <_AjJaJI j_3j Jj 

f Fracking J Hydraulic Fracturing ^ui 

<juul 1I ojl <L»J=l 1I dill I (jjJ _£jJt_» 

&J-& J_» jl 4 ^Jl 

J4lll <^LU Ij^. J1L& £_aj 5 jlLojlJI 

jJi _t<i^Ni 1 jL»VI Ja \3 ^_1J CjI_uLloj^JIj 

gJULJ J_$VI <jUJI J ^.4^>ll 

CjjIU ^Ul CjLjlo^ <jlc 

.^L^JI jUJI 

THE DRILLERS ARE COMING (*) 

l^_»j-o| Jjj LJJ ^ ILsil 6 J e\ A )j\ <^I < LiLa (^) 

<jVj ^ ,^-lJ Marcellus <«K jj.tnj ^LoAJI 

the Pennsylvania Department of Environmental Protection (Y) 


CjLu-U ^ya 4 aA. . All <Ii5Lll d)| 

J inill» shale deposits 

Marcellus Formation ( '\( L5 —lu j) 1 1 mi jLtl 
<djcl)- 0 Sjloilj 

Jj 3 ^JUUklaJI _iJI 6j_<JLO^ ^_1^. 

6J_^lil CjLjVjJI J_^ 

^J-O dJ^L^Jl_CuVI <<JLX> 

. <2_jJ l I j 1 Vi xx 1 1 elljj LoLc 40 

<Jj ^ a as dL> l \ a < tjlJ I 6JJ& ^ 1 ulS^ 

JaL _a <1_iJj-axJI ^I_»VI L«aV1 J_L^J 

(JlJaj Oyb. I <jl£j I VI 

c_£j j_ 25>. di)lj ^-4.3VI j a^JI cj l.\ 1 -qc c.1 '> 

^LslII Cj \ 1 ^ ^^1-0 Jl CliJl jl 4 _»jL-ojLal 

. 1 ^ is*i a i 1 1 ^j5Lql.> ^J l 
LJd^_) 4_»_(-uLu-ijJI -Uj_> aA II dljj_ jj 

<1 w\^ VI iaUJI J \\ < ^ A ^Lliui_l_uVI 

^yA LlJUlJ C 4kdl jjl lS*iA ^1 u-t-VJl_txllj <4 ^ 

JJ ^—A-JaJI jLst-ll J—JLO 5— Qsy 

" $ 

C2j 12 LjLJlJ I <La I J xnl a \ jJI i V L: 

<111 ^_a 40 <-»_ (_ojl» JjijjiJJI Jji _(_u^l ^jlll 

.jx^aJI { jj^ ^j-c ^L^hdl dullLat-uVlj <ijlLo 
j^la j-&\ Vw^il J^- dll J —du uiaj 

111 ^ IjlJI A A A 

Lulal a« u ^_a <x^aL^v->j <Cj a <11 oI 

d^jA^. 2005 ^lc (J-S .JJI old 

Jd£- ^AJjlj <la_^a _t-qj) 1 \ 11 IJLa d^l^J 1 


d_i^ Ll_ 4 ^ ^LJL^lAd 
tijlXI Shale j< <^>ll ■ 

. LoU. joujl diA jMjJI ±u J 

Ci Li4'i 4.i,Ufc jl j till I c Sy* ■ 

(lP U *0 

jJLuSlO djjij jtxJI ^1 jVLuiV 
OUsIloJI j^jJllaj^ 4>l_U3 

Cjldj (j-ijiu 

jfc J^jLSJI cJuJjSJI jv\ 4 u «i ■ 
jai^d l5 UI oLdluiiSJI 
Ci-uilll 4 -lLaC 

. ju^jLxXI^ 


f U 768 Jl j 2008 210 Jl J LVI 
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■.’•'■•awS'•' f^p i ' / 1 




SHKp •■ .'■£> .- ^ 

2^ 

wAd/ 

M 



> 

. J 


V* Usi OljlLjl .-.^a S'.J.'A, 3_, ...jL^ III 

^jVi ^>UcujUi l^ )} : JL Ca^ [Range Resources 3£j_L ^jh >j 

^ LajUIi <m 1 <bV^J d^d-U 4-UJ^ , , ., , .. 

Jc^\ 3j ^j\ sou* «-cju\j*.y\ *aa L^l 

dLL ^u^l U-° ^^ Jpj 

! **<UsU> Jd 4 \ \ \ 11 4jLo^J 4_2\ij_O^I <1 ILjJI 

Jjlm Ijfi _oL. j J_JLol 4_(_uljJ Jj^.V 

jLl^l 2h° Uj_» <^£-9^1 jJl-JI ddUj. ~y\ 

ju< 1*^111 CjLLj ^j-o 1 ^>.\ 1 L> J ^ Vilj £_j3jJJ 

HEIGHTENED SCRUTINY (*) 


<^—±>d tJ 1 " 
t31 £y> ^ 1 ~ ' j 


_uj Jjlo jJl-’JI qI \Lc. 


^Lloj <4^JI djJ-L» I jL-ll ^"LjI 

I 4 J ducLi ^_ill oIajlL^JlII . uJj a Till 

CjLVj ^_9 4_»V_JJ 4_*_»ll j I 4_Jlj ji CjVLj 

SbLj °Uf^ &**j*\jj J^jA&S (JJjL-cl^j 

** 

^J-C j^iaj .OjJjlII I J-A -<-uJI 

4lrJ L$_> di-ald ^—ill <4^JI 4_i£:^j 4—i_ul j J 
^_9 4 juuJI iiLili 5 Jjj_ojl 1I (jjjL-uii i22j 

<Lu_uj ^1 Dish ^QjJ-oj 2009/8 _lL_1I 

d-Jjp^ ^ l£j-^’ fu-^j l£-UjJIj 

dJ j^dJL j-ij^JI 2 >°j • I jjjl~v- 1 I 

LsLL 1 \ o 1 C. MaJj Jjlj V 4_»Jja 1I Cjjlj_ 2 JI 

JjJ-L jlaL. jJ j-oI jLs-ll £ L^J (jl 

vj—^ up u-°J 

jrc-iii^ idjVI CUyl\ ^^jJI -UVOI 

JI>Jlj .jj^Jlj <kjL-JI t—dL _ uu£L\ 

^l^lsJI I a Vi s (^J_A ^jVI ^Lj-o^j J ^jJI 

(jC. ujlj^JI IJ—Ia^. jJl^JI ^J-O 

. JJLJ ^c , x.s~i \ s jj JI^-<_aJI I 

^3-^jLud (jLdl ok I j^l 

^5 

CiLsiLkJI OjJ-uaj i^LxJI I Jjfc CjLjI J_i ^_Ls 

CjI r Q a ^ a > ^jl c»^lj 5-^il _ ujJI Jj 

JJ-uaj <1 jllajJI ^1 _u^fl <<£.Ijl. uaJlj (jA_iial^JJ 

(jl ^1 dUj ^ I_u—i-JI I is 

(jil^a .1 jJj ^-L Jjjjju-ojlll J \*N-Colli 

jy>j L ^UL jjJI watersheds Oi3_uU 

dJjJJJJU <2_iJ_o ^_a <_o_(_<JLJ l/U^Lo is_I_ul ^_lc 

<>o_ ujI 200 000 5lL-lj| < I^ \^I 

dills. I <lj^Jj .jj^ljJi_ jljj ^_a ij^fjJI Jlc_UJ 

l^ll 2010/4 ^_dJI ^_a <1 juJI <1 _jL^. £jljj 

4 ^ ^ 1 J) 11 ._ < lh> 1 4 a. \ cTl 1 d>L^-t-uJI ^Jl < lh**^ ‘ <* 

4Aos_o 4_Lu CjI _«_uljj <jArsJI ^_L 

jjil-ujJ uhljUjILi 

j-o^fl << 1 LaL 1 I L^AjlILj ^j£. dh ftll il 2 j 

(jL. ^L^.)fl - 1 | oLj—dJI jUdJ-UJ (^jJI 

U 1 -*] <Lf4;b .D .M> j —ixj dilj 2>^J • J^*JI 
4 aLulLL j q~S.ll d)Lj xV) ^>j^l J-2S.1 ^yjJLJj 


51 


(2010) 12/11 f^ii\ 
















^J-IJ ^la JjJLJ (^Luluj I .tYnj 

Culalll CjIaIoC A /v W ~ > ..1 I £j LiJ LiAJ^Jl 

<-JL_>jI p^lid J-S-jd . jj) A IS*1 11 ^111 


< 1 C lbs 




Jjlds i- 




6jlc 1 ^ ar>C ^jJI ^^jbj-ll J^. A^ill 

6 jLcj ^cl2 llu ^.jd 8000 j 3000 

^yA CjIjlO \ <djla_!l &J_A d A X '« jjdlLi V 

jj jl <AJlUJI 6j_A .^J Jd^l 

j_oji _i_alij <<^.jj 90 ^-^1 ill 

Jjloj iaL-al ^juijJI A^>ll <AjlU ^jlC. LiASI 

cji^jljI dj-*- 4 dkJjA . J-2^.1 J Jjlo ^-^1 
t als ij < jj-idl c_au>j)11 Jjla 

. < 1 XJJLQ-CU I ^AlLo 

$ 

^_l£. Cudl ^-ILjJI j-i II <-Alla 

1000 1 ^ \a <L^j-o J^ia £-LlJ 

.^j^jlWI die. c-ulalll i»l J-» (jjf&lj da 

jl d>^ u J j'* ^—aj 

^ ^jLLxAo <i=U-JJJ Jll^JI ^yA ^)^l 

£~aj i^d_> ^jVjaII ujj—jlWI (^-a uj^dl ja£. 

Lc <JLJj>C <J^J <Jlaj 6000 _1J J-t-£al 

JsJlj-oJI £_aj_»j .j i II ci nal ^Jl 


Culalll .U^_l£.^fl ^Jl JaAo^fl d-° <L^Jl1I 

JjI— uJI I j_A ladlLj —jlWI (^-1^1 —1| 

d-a flowback fluid £_^ljJI 

^^Lo| dll Loj ^—JUjJlj x^a II 

ld^_a .^jjljljlLs is_<Jj-o jI^-oj <_La3 metals 

^ ♦* £ 

jl il^_i ^_a JjL_uJI 

J_i£- SSLjL^lJ LaJjljj 

<lil 99.5 d)_o laal^JI ^.jLU (jj _iL 

<111 ^ 0.5 ^Jl iaLiJ J-ojj ^2j A —o ^y& 

jX£-l jJI (J-Oj-ll (J . iul \A\\ jlj o 

Jj) i A^ill jUl ^y& <L<l[^i\ _(Jill £C-la 

• jl-iJI L^i-o <—j!iJ>JI 

^J-C ^jJ)^ s \ _Lu^Llk Iki \l^k <^j A Vi 

^lil ^Jl c_al_ ts5'\ iu 1 \a\\ 6jl_o 12 jl 10 

* 9 - 

(J-^-t-Uj dl<lL^ < xA aid, jl^-o 1 ^ \x\is^ {jA 

_(JjjJ <AjLo jlj_OJ la_iLaJI ^jLi_<_ujI 

VAST SUPPLY WORRIED EYE (*) 
DOWN THE HOLE (**) 



i 


nhll j lid Li dOa-HI CiL>V J-ll J-ijjj 1 (j'iS n i (^_u5j J! j jilt) j A.^ll ^ Q^LiSLJlI 

icjjjdl pUI jjL-pxa Lj jli ji l^_iV CjLu-uijjJI &jJb jAaJI oLlLojlj Ki.^k.1 uiijlaJJ ( jSJj .Ol j-i^J 
Jiuojl £^j ^_iJI 4 _luj jlu-u jlXt ^LsllLI ijA jlidl ^\ jLLL_ul <jjL^ ^1 dIj^j^ii £ij ^jJI j^VI 

■ Ojddl <>LlP jJLlAA 


<1^-0 L^-jL^jia <JlxaJ | ^y£. U^J .illI_(-all 

j— K jja / 4iilu/—tx/ 
1/-lal^-ll CjldL^- lL £j| <1-11^^11 Cjj *N J 

jjIGJI ^ 1c 1 s ^piJ j! < ak\!L ijft _ilaLaJI 

c^^-i-xd I p Lo ^_a jA^JJ (J-OJl^I I ^_lL_uJ I 

jLill &J-A dJijl c U_o_lc. ijf\ _ AlV)) 

^jl» :illU A ll^^l ed \ x A!j «. I ^ \ aM j I 

d-dJI i^\ ( <-<-djjll 

((. <Jlq1c jmui | lA^lLl 

t^l CA^J—^11 ^ 

CjLlLo£.j ^-cxllj^fl jLa^>l J^AC ^.1^1 pUaj| 

u^-^l ^jdl 6d-A ^j| ^£-11 <^A*dl 

<JlC.1 \ tS*i iC.J)^^w ^ itxjLllj <jji .K .Z> 

** ^ 

xJ'lLill» ^cdl Lull al a <i\j ^_a 
t< uejl^' ul» [«Ly— 

" • ^^ f(_s-a l j)'(3 n\i 
^lll)) :^llld ^jjj 1 11 &\ ^ya <^_1jl>I^> t a \ a A 

iLuJI 3_3 La^ 1-JlSj <—<_Jjd V 

((. £_<_u_ 9 Jl 1 I lalars. ^_a jJljG ^| EPA 
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[ J-4JU 


j&a. *LI1 ^ 




^jJlJj-11 ^\\ J-*-^ k_jAi -(_$Aj-^ J^t-aJI cj-° ^ALiiKJl jOlII JpUajl ^| ( ^ldjjJ ; i£j| jALaJI 

JJUlj . <_>LclsJJ «Glo <JLl3j <LAiio_> ^j^jlWI ■ fldalj ^julcu_uI Ja^La >j) ^jAllI ^ jjijj f<2jILa. aj) 

. !^l / &J*J jl < (till ^jJJ ^jAu-ulfl Sjju^J! £C-i*Z 3 jJ ) 6 AC. (J^.lj_o jA-i-dl dt"A>j <dUj AA_> >-Ql <J] 


o^ofl o^ 31a.j^ JS ^ 
o i3"n ^j-uJj-clj «lku_ulj_> Cufli hYL> >_A I* t.l 
J^jJI J pUI j-3 h <1-^ dU3 JJ*_J ^AjJ 
h*< A CasA CiLaAiJI j_iC oLuLlajSJ)j 
.jCj-slII CiiAj ( _ S JI La laa. Jlx 
U_^lj JjLuJI ^Aj jj <ulla jjljJ 

•A»JI 0°b jL*- 11 Aj -f^3 cs-^VI 



1 


j U Uu U) 

jUdlj jaL-uJJ 


JLid ^ji ^jwiajLsjLa ^jj i^.jJj)11 Li 

<jls^JI ^Ltl Jl ^LoaUI jIj-LI 
<LJl£ <j_6Lil 6j_ a <jV Ij.2*., 

Cv^ i a. I. \ ftV 1 Cj~^ ,s ^ ^ Cala-c ^_ OlC ^—lc 

^ ^ i^ll ^_ft^a ^__S ( rc_La_t_u 

^j^-1J • 5_ft n< <aj~s. <_lala Ci^A ^_lajJI 

^1 l-Jj-cuaj ^1 2>^a £-^I^JI JaI -cJI 

<j-ft <J^aL> (J^Aaj .jAjJI (JJJ |j J- JlC (jAjVI 

c_aa_<_ua Jj3 <jJLJI -Laja *A 11)) ^1 Lalkl_cola 

I <iU ft ^a^aaVI ^1 £_o j ((.jtia_ <-*jJI LT^” 

VI)) ca Lj x x >111 6j-A ^jj j <Jj-LaJJ cLoj-uVIj 

<jLc ^_cujVI <L^JLaJIj ej^jLaVI {j t\a ^Ij-Lll ^jl 

< LlS I jia I .R . A> I j c_j ao. ((1 ftl^"\\ft (jxijJ 

J-t-caLJI <jlxiJj^ II jLcul] 

[j^Li-oJI Ca ^ JL^-^ _S 6lj(jJ^jJI 

CaLj_ lL LaLi^.1 1^ ftCJj <aL*jI CajL ^jJI 

( j_LaLla jj-LaJJ ^_aAL 1Ij .jliJI 

ioLJ-i-ooJIj ^^ixlJIj CaljAuJI ^j_ft £_ft 

FRACK, BABY, FRACK (*) 
BJ services (^) 


(IasjLxjIj ajlAaJI ciLLtl axj 
to^uYI Jij-ui ^Jl Ci-uAjJI JjLoj 
^ jj^ ^Aa^c -uc. j 
jjlj t jUdl J)- 1 K'li .CiLjljik ^ ji 
J^j o^ 1 <aila 

.^a^^JI jUJI 


^jA-ft^J I J II UJ^^JLaVI 6 j AJJL^Jl 

4 -j^iiVv.i obi < A j aj_ a.JI _.kill 

ijjjSLJLl CjLuAjlUI J.Ill bactericides 

^A* * JLaj Lr dl microorganisms 

_<_UJJ .dilj jJl£.j <<_uUft)<ll jlj_II 

^< Halliburton J_ jjj-LL j_L 

CaLaVjJI CajjVill CaLj aV< ^>aS| 

.^jAjJlII I Vj 1 ft j -niC (_£-aaI A.\VUI 

^^A-LaVIj ^ Lll (jAft^. L> J- 2 i -1 —^-aj 

^ _<-uL Lijj-S-ll laJ \ 1 < \ \ 11 JjLj Jj _^-a^iL 

4 ^j_ ljj Cj La 1 \.ft \ \ <LoaL Ll . Jjl& jJl^lajJ^ 

UsulL-j J^IjulLI jx\<AT^ (( ( ^BJ Cal_ftui^.)) 

0.5 <ju_ua ^j| J-ftj . Jj^juJI ^laljj 

5000 L^_a t VI jui ia <111 ^_3 

dj^Jilft <_ial \ft \*N 11 jlj-ll l)-ft 1 )J_!L 

. CalaAill a J-aILcxxII JaLcJI ^j-c 


lpA fL-jlJI < 0 —ajj' JJJ—*iJ 

(Jjlo ^ tj_ uu ^ _jlC Caal^a Cal_vl-ftC 


laASl lala 12 j)^.\ a ^LcJI \ L^ <C^.lj 

dll^Ju-aACC. Caljlu-u JV»A. iJ-2^.1 j ^la 

L^a-ft (Jll ^la ^aJI 6 j-Ll*JI ua^UI 6J-& 

U-° Ul$A 50 lU-'j- 0 oH-ai- 

t> 250 000 ^ ^LJI ^Ul 

.<j1 \\ ft \*\ 11 jl^-LI 
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£ 

jjlc aK _(Jil jv.\ ci <_W» <J 


L5-- * 

<jljl^_U 4 is\ 11^ <_a^I _coJ I 6^1 JI la^-H-VjD 

$ * 

^^CJj <<_ojL£ ^- Q <jl djl^j-luJI (J-o 

f-Lo_ juj I <(( jl^Jsl <La^I _cu djIlLu <1_3 jo> ao)) 

£-ij-o ^_S <Kj_caJI Ifl Luuccaj ^jJI djLuLuu^JI 

U-J. 1101 ~ ^ * ^Uu IdJ I 6 J A IJ 

jLsljI < La <jjLa ^j jlc. < ^j \a s i^jp^ 

£“jO-a] < ( JXJ> (j^J 1 a~\ 11 djLi^WI 

Gasland «JLJdl L y^jh) jJI ^Ldl 

< A^ll dJ*^^ Anil <jlS ijf^J ^lll J 2010 ja.Lc 

djLiVjJI jJlC ^jl^-call L^JljIjlj ^JlIIj < Ia~111 

*\L*\cu -o£j jLsJI djL^)-cu J^i-J [6 J^11 
1 aJ^Cwjm ^jJI CjLuL uulll djIlLu ^I 

EjjL-J, 1 CjJ _uJI c-d ^ jl <J 0j_cu 

(( A\ \X A ^JsljUS 

CmI-JJ iOjj— ^ 0[ <j nK > J 

<JLJLhaJ^JI jljll ^ll^l (Jj) II V\ A \ 

Sjjl^JI CjLoJ)J-3l11 j_COJ Afl 4*^ a! \j <0_AJlLco 11 
jJ^ljJ (J^JLJ V 6 j_A . <_aLl1I L^JlS 

6JXj ^jJI J_a^fl <<-aJou _(-all QLuLuu^JI 

^jpu —(jlo J\ L»j(j^_cO)) <luJI A A A^ 

<_jLao» ijl jj (j-oJ <(jjLLJjj^j> . <(<jla_coJI 

jl ((<laOjJI £C_COJU *2 aSIjSII dlt (j|)) : [<JLJLjJt 

< 1 Q 4 ^U> ^ 1 \\ 1 \ A \ < \ I | i-N I "V 1 ^ \ ^ "\ 1 1 < 1 \ 0 I I 

A \\ 111 J^jLa i^yc J_3U I j_A (J^)) 1^ I > J-~yj_ ljj I 

^ 1^-x-uJ 1^9 • I £j (_v (((^J^LdI 

I jl La£. jJ> (JLaJJ I J_A ^-3 Laiul ^“jjlail 
1^ (Ai> \ (j£.Laj jl ol_uLuuUI JslLa 

• (Jjii 

iaLai <_LoJLJ _call CJLljLloj^JI 

c-J-cajl Jj3j .IslLa 2)-a I-^j| j J—2b-_s 


d u 


CaIa_‘-ajVI ^..ilal_ coj V ^jLua^I ^ ^ilj)) 

.((fJLsil 6J-A <^J-c 

<a^.^Lc^ 6 J-o ^jl dl—Ij 1| c_5 col 

Lo^ j iC j\\ll c-^lLs-II CjJlo _ < - <J ^l 

3j—^ O' 

^jl£. ixoaj ^jl— 


\lr>a I (j_ 


Lo <^LjljloJJ 


a sj .<jlS^oJI 6Lull ^Jl 1 ^ \ a j ^Adl 5^2La 

^J-O uJj-OUjJlj (JjLAJLi (^JO.1 -LCLO JJ-fi O' 

J I ^ LjuJI <JlJi _CU 0->l^ ^j| ^-JLOojJI CjI^ju-vj 


^LlII ^j-o <111 ^_a 40 ^jl -Uu-vlL> jl .6j) a<1^11 

^J| <^ldl J \C- ^_Sj3 ^lll CjI _ jILloj^JIj 

. ) J-O.IjJI ^oJ-tl JjloJsl jAl! Jl-CU^I 

£jlo^ jejj-ll Oj^] < 0 ^^^ - s J> Jl^j 

:[<1jljJI <_»LoO. 6jIJ j 9 <-iJJJ lII jjLcoll 

Lo^ 1 ^-LocSt \ O' clii^j uuJI ^1)) 

_colj ^j-O IjLlO.1 C_^jLcOlJ 1 \ \\ Ij <C-J_ 

<^J-cuJI ul^ J I <djO jJjI (_J_AJjJ 

((. dJ l-S I a ^ 4 a. c \ a <_lI 1-0 <_S_i I < ^ I 

4^ i m (<l l d io Io< r< 1 1 


< I—^0^ j^j 

0^-°J -cu3 ^lll 



0>»^ LT^ 
<JlLoC 


J! < 1^-oljoJL 


jAj ^_1c ^jdi-2<_CJ^o-a 


j-cj the River Reporter ^^OJI j-0m 
d jVj ^—a ((iSj—j^jijU)) 
djjjj <jlj(jlgj^ 6jLc C(JLol.j <-Ojll 

JjLu LmuJjJ ^_]| djOLJI _jl^ia 

CHEMICAL TRANSPARENCY (*) 
Energy Policy Act (^) 
the FRAC Act (r) 


^ . . __coJ jl . i_ 3 J_dJI 6Llco <-0^1_cu 

^-lfi. <-> LijJ I)) 1=>Jj-dl ^j-cooj I (j-a (d^ \ \ 11 

Tj^LLj <_coloJI u—LL ^ tjldl 

6 Leo ^ _&AJ ^lll c-3^ a Til I 6 Leo <_o^l_cu 

^LjUlLcuVI JjJJ .dJ^lllI ^j_o <_l3^oJI uJ^-dJI 

L ^1 jjLcoJI SjlisJI <_CuLlOU t 

<_cojlJI <^-Lj| ( idfl-j (^lllj 2005 ^.1_c 

^jI^aII _O C-JJ.^.111 Jji^JljJLa <^j cuJ 

CEO ^j \iHll _ cojIj] <^1jlcoj .d> 

. cdlI Oil <->j(J)^ A^k II ^jxdljJ Lull 1)1^ l^^jLcaJI 
.m> OjjjjjI <->Vj Jjlaa ji 2009 ^.Lc 

(T) Ci.1a 4UI ULI lcjj.A Vi A < L> ajjI 

^JLO. ^UJI ^Jj-c V jl a ^i->J .^LulLcuVI dill 

0l 9^ <<jLaJJI i d a ^_a 2010/5 j^_caJI 

<^ \ ^K> .ja_culo. jl^>i jLllV dcj_A 

_colli lj_& ^1 jJl-QI JLo£.| <-S_sl jil 
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^jlII 4_(-uljjJI j^Ja_i_u 2012 ^Lc ^AA 

^e. a^ gajjg< << I^ <4 juulII 4_»Lo^. 4_ll^j L^_j ^.^Aj 
^Jjlju_<j .<u^l <jloLlJI 


g-1 ^ \i nV j ^c_»IjlJ V ^-aIJI ^A <Jl<^JI &J_& 
«2 )J-JaU)) <jgJ-c ^A *_)^_JlJI jLJ CjjJj JL^* 


^jArJb jlj-aL-u^l 4^^111 


SjI jIL-uMJ £_^| j^a 


Riverkeeper's watchdog Industrial 
Gas Drilling Reporters, covering 
action in New York State and Penn¬ 
sylvania, can be downloaded at 

www.riverkeeper.org/campaigns/ 

safeguard/gas-drilling 

Information from the Marcellus Shale 
Coalition is available at 
www.pamarcellus.com 

A video of Anthony R. Ingraffea 
explaining fracking can be seen at 

www.mefeedia.com/ 

watch/28577813 

To track the documentary Gasland, 
go to www.gaslandthemovie.com 


Scientific American, July 2010 


<juuJI 4_jLo^ 4_H£!j j_jjIaj 

^J1 4^2n C.in3*Jl Cj\ J a C. ^j) j Jjlj < L_^_3Ula^. 

Statoil Natural jJ;±$ .jl_tiiljVI J^jll 

IaIajI c^saj <(JIjlLI Jjlj_ uj ^_b <Gas 

jLsJI 2>° «_^JA 2x9_J- 1 113 jjAjjLj 4jA 

2^ bLc 2yj ,t 7>c 6 jJ. U^ji— < - u 11 ■<■■<^Li 1 

I Llj 1^1 Ann 4_J Vj ^A (( &Jjj, cajUlII)) Jib. 

_lL 2)1 <cdJj 2>° . 1 _25G 

^Jl jLsJI a^o j 1$_ coAj Statoil 

• ^[x9->3^ < tjg J-o 

CujilJI j—2)1 


Ijg JAC /rjJI /rjliil 




&-> 

<jSgLfc> bj ^Duquesne <_5/3 

4_jlLJljJ 2a bjiil <La^LL <jgj_A^ ^JajA 

4g*JL»Jsj LT*-b J_A ^-Jl ^GVI ^_aLs 4_ 

2)J-*a 2a>~^ 4 12) u bb a^^^.^ 1 jlj-bVI 

<juK> Lo) . 4_>*2 j 28 ^a <La-asLL c_j_ 

J-aaI^C £-xbj 4—JL»_a 2)-^ Ajj JAA 

2A >Vil 1 4^aJfr i~n a i i W icUu-oJI ^A 
Lob Lsliicali ^A j_bJI 2h° 3j7)-il 
107 000 <Alalil ^A jlgVI J ^^ 2) U 

k_ Sjla-22j . ^ A A li I ^ I_*J I ^A (J-a£. <_1-^^A 

<L<-^jA ^-JULA-2a2)) ^A V <cLju-oJI <_1jIa 

jUJI 2h° <AA^2 lII AjIjaJI _Jl 

1 _J!a .((^jlIsijJI ^_XjljlLJI 

>_ij.A ill 1 ^Lui ^jjL^g Lo^ a^aIIsJI 

I jJ La£. (Jlj_ caJI ^Ajljj . I_t-og| 

^Uslj ^ Jj) a^>^.II 2)^-^l-> 2)^ 

■ . 1 ^ \K ^ajJ=ljJI 

GROUNDWATER CONTAMINATION (*) 
GOING FULL BORE (**) 
the Endocrine Disruption Exchange (\) 


. 0) jj_xJI cJlJj L)b^ixM 

<0X3^3^ T> <—cg^il CxcIaj 

<jljljJI <1_j ^A ^-aLJI jl_AjjJu-oil] 

CjLljI ^ ^11 6J-A 2)^ J- i “ ,:2, 3-^^ J [Ia-»I _<-u 

^a ja jlj-ll 2 y& 14 2)^^ 

2a3j»jJI oUji dUj ^a Loj a 2)1_ < - u ^^l ^^ 

.^LcJlj ^Jlj ^Kllj wuillj 


(*); 


4-ji^UXI oj-D 


^ — ^_2oj a 2x9 —a^U_a-cJI 6jl— aJI jji— aIu 

[Range Resources j—< L5 _1^1 j> 

^LlaJJ Oj_t <Jjb. ^1 _l-OJ ^.AC. 

^Ajljj .Cj_julAIJI q1 \1x\C. a_u_a_aju <jA^^JI 


.^IjJI Iaa 2^1 ^il3 lA^-j < -^J'l * 


LX93e 


Xuj jIajJI 2 ) 1 — 3 5 — 2 x °3 


2)^—a_ajl^JL> V ^l^)JI I J-& 2)> —II, 

(_gjpi a a i^ ^J| iaAA I Jj-X A^-a <Jt^.ljJI JjJbJsl 

^a Uj2k.l lj| U2I 2x9^ x ^ 29 • <= t-^Aj^JI 6 Ll1I 

dilj ^A Lau aCxuAjlII < \IaC (J ^ 2)Ulj-o^JI 

2^ ollll cJllA 2)1 aA-^j a<sLJ sl cJj_i 

dl^^-ojJ _SA .<AjijJsI OjJlJI Cj^M_ 

£j. A 3s I C Jliil \ \ A A I ^J_lc A 1 \ \ 1 C I / ,,\ \ 

9 - 

Cabot Oil & Gas j-d Jl <jLo^ j 

JjLa_aJI (^Aj_a-as 2x9^ u - <j 3 JlA ^cbUJI 

i"niC Jl <** J \IaCl 

.iagl^-A-i 2x9^ 

oLaJLlII a a aj _-O i 2 >a 2>^ ^j 

cjLJI \<w < \ 2)*w*vn V 2x9^^1 ^ 1^ a << ^iJI 

jXjJjJI jU_culj <js.J5CjI .T> J[^Ajj .CuIaIJI 

^jJl^ 1 \\\% \ i ,i\\ J ^A <JL^sjJJ^ll 

[^uji <__ai^ji a LJj^ ^—C 

2)33^1 >)} I JAjlLoj <-cl\A^aII 2) a 2)1 

f4^3^ ^ (( ^e5—JJI Ly^ ls —'i 

a L^AAj-qj 4_CjLk-o a 4_<cJj(j_)jj2j)) 

^JLJUlUJI jUJI J ^"_a_uL» (■ I J-3L-CO 

2)^ uj^aJU ^2Li 4_11 a^ _<_ul 2)1 2^ ^_jAJgi! 

^A 6.((L$j(^Ji_<_OJLJLJ ^A ^LJsl jjl _(-0-0 

>_mi^ 2)^3bg !^GIa <^^-il_A> dlj 

((. 4aJjJl£. ^AjuA 4AjlA^J I Lo I a 4ju-2aJ I 
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JflafaUat 12/11 26 aiadi 

UllCHoom 2010 j-LdU-UjJ / 


f^\ 


.(JLlL ^ j ay Jl^y/ J-*-* 


<Ui*la Sjfcif c _ r ^ 


Lf 




±f^V/ 


u^'J^ 2 *' (J^. r 


1 ->■ "' < 


C* * 1 * 




^ ^ "SOS* 

<jJj^I £“ jlailli .4_lcli <Lcljlcljlo da VI_<_uj| ^Jl 

(daU^i^JI ^_lc LJL^ j— jlLsJJ ^yJIj) S.jjklll 
cj!—<_ uj£.j <^,LajU L$_> £_^jj 

Lo_ijj . 1 < m^UI <U^.jlU <Lolaj|j SdAa_o j-aj < Ai 

^_jjL^JlU Sj-AL*. 4-ojlojlII daVI_<_uSV1 dllS jj^S 

^LaisJI (jli <<jVI Li . Lu^s Lj_»j_i—uJ 1 

. (0) 3-AlAltl Cj^Lxu^I j*i£ j jUi^L) 

M 2Ll*ia5UI CjUdJI 

.^JjVI <1_frl^JI J_£& ^-O-lA-^-ll (JjUl_(_oJI jjl 

M2A jVI 3j^l mi^JI 4aatJ1 5 

d£ L^J Ulill ^jLojJlj 1999 ^.1—c oj^-la ^jJI 

C£>*-ll c£^' ^-‘-‘O 

^-cula LjjA_ll 4-cujLolls . -<-^V jlfr-^-a 

<capsule endoscopy ni cs J i _ua^JI ^-4=141 

<^j_i_uJj .L-JaJI < 11 djjj Sjj) <^i i j^VI < <n 

All 1 ^-lc (jl- cujVI Sjdi ^uit ,jU <iAJI 

^Jl -» <l£.li^Lll <JUL2kJI Sj-i_olSJI 

dal jJloUJU <Ljl^JI <jul! _caJI ^Jilllll jpa L_ll_C 

,4JS—jj.1 ,_ s j'-*j jkLill jJ>^aj ^ 

I dls <4 \ < A <?n Si jl jjlC j_o I 

"3 % " 

f— i - a ^l cj^—^ CJ— 0 fll 6^ 

ROBOT PILLS (*) 
Transforming Passive Pills (**) 
miniaturized p) 

1 (p— 0 L«-ijliI ^j-q iZir^Si 6j-4_j <<JLi.ujI = o^jj : robot (Y) 
.oVL^ujyi = robotics = <21^1 Jlju 

6j = 3 jA 6j :pill-size camera = pill camera (r) 

.<kli V 4 -aI^ 6 :passive - camera pill (i) 
.^Lftlftll 1 <_dL_ujyi jl ( 0 ) 
(3-1^ — ^ J) ‘ ("') 


^ .A> - .p> 


Fantastic « 4—jJLl^JI 4—LijJF * _Ls ^ 

^LkVI ( j_o jjji L-oi ci—'>1^ «Voyage 

<_»j_o J-ll <jl£.(J^L k ^jil^ ^. U1LLA.i c 


j^.1 ^1-^^ sLlsJJ SuiAxo ol—(J-^ jlI 

science fiction ^ a\c JLii 
OjLc. I LcJjl£. ^j . 1966 CluA^C LoJ jlC. 

LolLls 6jLul£.Ij 1987 ^1_c I ^^2jl 

^l^rJI1 !p <mI a. Ac. caaIIsI,j < Ljjlo 

^JLsJI ^ ^_ cuJjl^II £y> jjji Innerspace 

(oU$j3j) (T) o^L*ijl IJJJ_> ^AJlLsJI 

4_aJ^I a 1 iilLu A IjJI < 

Lr ^A^JI JajlxJI ^ JUJi jVI l^A<A>prototypes 

<jc. Lip Lr ^j^U (^xll (5^-11) 

OljJ^lSJI _ jL»L ^_<Aji.l |j_> 2000 ^1_c 

<^jlaJi 3^^ ^—sAu-£ill 11 11 

J) < M ^II dlls P-Lila^l ^jAjlxjjI Aj^-II edj Jjlo j 

‘ LA?JJ (3^—^ fj 


<_^^ 1 ^jlII <Ajl3jJI A —s_ayll <il^.| jJI djl- AjJI 

.Li.lj^. olj^-l (jjd Jpi 1^-11 Jj^-£2ijJI 
(LJLlSJI <_Li.jJI -JjL^J <Lo^Jsl e-ulj^JI d^-lj 
cjj^o* j-*«JI jjV e-ulp jjfcj 

^ ( ^ ^ ° sfi 

^ ^ i <a1o11I o!>loI£JI 
<Lsl jJI L^lsLLs A.ldi 


jjL 6jjllll l5 -1c Sj jl2 


<Lc.y^. Jj ^jl. 


jJl 2 


^LlJLJ j) <<Ajl3jJI (>L»_o^I Ll^lJI jl 

<dllj ^_oj .L^j-All <_uljjJI cjI_sJIaII 

1 _Ljj_cjj ^jI^UI j ^_L=d SjJL^.^1 djljS-cJI 

4—ii^JI Ci\ Jjj^S 


4-A^Lli-A fL±&lLa 


(r) <^l olLuj5Lo 

ijg* jl ijA j-tfc 5 

J i utJI J^liJ 4 -lLA.I j jdjLdua 
oLaL\V’u<i) jl Vj A^JI 
4itliMII qV^xauSJI 

oVLujSI j-i>^Lu pL> LdL^ 
Jp.1 j^3 4_Ltli 

^ l^-o) .\Vu<i) 

.a^Msdi 

oVL-uAVI dalS^SLa 4 -aIaj d^l 
<p n^.ll JAIJ ^l^_a aIjI 
daJl ^3 4.udaLij^xJ 

4_Lfc|jul Jjl^ ^Jl uL.\ Vdl ojJb 

^^<2L_ajVI ^ 

4jLikJI djlSHUI j^ L& jA& 
.4_alx Sjyus^ 


(jLS j i f l xAWiLuj jjj^-3 
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dUjJ ^AVdlJ ^-clLsJI _cojulIL [Ll^Uu 

VECTOR j/A13 ^_o—coll 

u4<JKl j^lji.yi SjjaUlI j.iKVl 1I 
. <r) (^^*i.l ^dxi.1) ts Aui^JI J iiini l 

<-Lxujl^^l CjI -Cj-Xt^Jd 6 j-& tU<d-^.J 

03J —3^1 ^j_c J_>0*Jlu < loll^dlj 

the Intelligent Microsystem Center (\) 
the Scuola Superiore Sant’Anna in Pisa, Italy (r) 
versatile endoscopic capsule for gastrointestinal tumor (r) 
recognition and therapy 




I jl (>. (Jj- 


<j a. \ ^ \ j | G ( 1 ^ \ 0 < 1 \ \ i Vi \ < 1 1V. i d I / Q a 
6jJloI£JI t—Slkd ^_1 c o' l-i-IlaLJI 

DJ 

<oLlJlU CjIJ jtlll lXJ lfrl3 

.<LcLojLaI ^_1o ^JlII 

jl^ <lcl_3V <Jj t_ti \\ >_dUal>J 

^j-S-ll JiaI nil 4-de Oxujlj 

K* 1 ' |V ' 0^1 j' <4_^j.~vLc> jdljj 4 _sL^d 

J-a*u jl i ay\\ J^LL <jl-JI jJjS < actuators 

(JjJ«_ Jjlj < 1U.~ W) . _cujJI £_o J-cIajlI O 

q\-& l^J>V L oCUJI (Jjsj I x. I j_ I clb 

ol o d*~db jj)<^ill 1 \*\ 1 <nV (LUj LL&j) 

cd— lcsJI til—lj_»j A —die <-Cj—i_oj 


6^ 


XU 


d I t \ i [ **< V I . . i \ | 

nJ ^ 

. 1 (j de (J-cls_» (^-^-11 j-oljV <ej_ujL> 

L^_ol^_o <jl31^ <^LU oC y^-11 cib 

,<el_cu 12 3 >I mo j 2 JU^I J^lk 

Jxklj -2i O' ^JUJU Cl l O' 

<J jLsu j~\ O \Tl » H 2 <L»jL^ 


< <i ^de ^LlUIU-II o_o <jlUl 3 p, 

£ukj_ctu - Gummi Bear uJ 

.^LcOjl 0 l9^ cJ-° 1^^-2jI 

S^KII Ig.i3 Cjj^Jo ^1 1 ^ <0_udl 

<L> j% t\ i JI jSja i — uui M2A a — UL^JI 

(J[j) \ in ^ -3 ' ^(IMC) 4 iSjll 

j-ibliil 0-° ajJ^. (J-^- jj^UaJ j ttiall oljp (nil 
0' ^^ ^C-Jleu-u 01J 4 jJj) < ii ^ 11 

(O^Ia3jL_cu_o ' ^21 a ^-le <Lu^Jl <J1_6Jjfc (Jjlc 

( jjj) <Aill (J^-l (j-° ^J) 1 A11 1 jJu^xx>j jla—uxLcu^fl 

Oklj IA\ l^u OL^ o'j 

dj^2dl L5 _le 6jjU 0>-^ ob 


jl^. JiLk 0-° 


d t<a 




ol^.J <2000 j^le Jjlcj . jju 0-a ^•^■"dJ —<_u^ 

. JlsJsl tiLlj —kl <iVo Cdle^o^_c»j 

<2ji 18 Cj—^ 3 <JH11 J-u—(_u ^icj 

£_o consortium CjL^ judj jLkil 

<JLo£fl o^j) <n ; Cl l ^jkd IMC ;^ll 

jJLu-kl A3j . l^l-JLaioj oblbj_<^dl 0^- ^_dj^Jl 

IJ^u ((Qi CuL-uj)) ^LxJI jj tU ^ Eijji 
^ ^ui ^jUij uij_jiVi c^j (T) ie JUa e^ 

^ UJA? 2 ^ —“ (>c] <JJ—i .0 .M> 
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[L^jlLc pQjI] 

jLkbJI dJU-ulj ciJUst) <Ll jGJ SjOJU-S <l4LL4LL4 Cl^fLoujl 

jaiJJIj . L^xMj-jL ^j^lLI £_ju_u_j ^jJI jjjJLa Sjoiuus dJj< «nS Jal j dJliaJI j,U^aj Jjj-hJI (jAjlg 1^-La.C ^jj_a jl ^\KL.<n'i haloid dJI_ujj| j^..,^i.\\^J,l £...'us\\ ^_<J 

OVl—uuVI >4-» j» jl ^ jj niu^l LJ&y s _ 5 -U( dx ^14! ^L-^ilLI d_llaVI jn ti jlj <dJLi3jJ| LgJlSja. j L^JMjli ^ LSJ-ujV Ij^rtVu jl p-fr Jfc jl£ (J> —At^Jl 

.d_u£jJI ob.\ VJI ^Lc. L^j Ij v \x\\ jl jjjjL^j ^jJI tUTi-JU jjUlj j.ajiA'JI ^Vun'i ^^111 jLxluIuj^I u v i j <4-aj^UI oIjjVI £-^>J 


jmji 

actuators KiCVi ciljjl dJaujI^a Lai jjdsLijJI O^LuJI oUj-^. a<-v"iH jSXa 

Oaljj dlacul^j jl <£JjJI Sj^lj ciajLaJJj Ja.jVI Jia ' (3 n ^ (^-1* d-lj-aia-a 
.(jOJjil fu-c-a. £jLa. Jjj 3 mnR'iia Jjia. j-ijis jt jl <ualjJ&^fl «UuJ 




jriUJI/o 


jjjcaull SjualS :CaljaVl ja Lxculj liub J^iCj jl <Ujini^ll jSXa 
K<LLa jl <£_iuJJ| ja iLiaJauJI 4 <LiKil CiAJ LMaJI dojjj ^-‘LiKlI 
.f-i jj ja <Lfcjoa. JaoaJ jAj jl <^_iuuJI ja <ifcji. j^V 

^-AaRll jJjirtlll Sj-LaU 


f -\jjJI JacsjjJ jl* 



^-U-tLJl J^J^J 

^LoJV Lai - <ULuijVI j -»Je ja nail jLsu^ 3 -*_uJJ JjLujJI ja 
£jjla dJLuJ^I jl-ial - Juail 2 _»jj L? k- Jji^aaaJJ jl <U J-U-luJI 
JjlXi jl iUlbll KM ^ '\, ,.l J^^fl ilLijJI j .Lg_) ^jjJI L^-ilSLaL ji 
jjiJL Lr oua£j| J-i.uaJI j-iaj (^jJI (jLau//^) s-LU ojaiu (ji^jXI 
.djjLlLI jti <^ijJI dj^l L^J^ui 3 JJl 11 ^ I ^aiuia (^jJI ^tiJI 


^jjl I 4 J 3J ji i\\<> 





j)_o 4 <^ A~s.\ o Jl~v Cal J <J»_Lc J(jj>ll 

Jajl_LJjQjJI CjI^J)^ Ca l^^)-^-ll ^JlL3U»J .(>Lx_O^I 

1 0 A \ A. ^ I I \ j \ 1 I « I ill d ^ V 1 t'ti r\ 

( \ a la j/va > ^^-11 ^Jj-uuj^JJ ^.^n-^iJL) 

L_LuVI 

<_i-^sliaJI jl a < tn »ii^l Cj^-Jl^J-culo — 

<LaJI a oil <_ 1 ^ ^ 6 J_ j I j _>j) t s>'\ I L> 

. j)-o — <—Cj_iaJI Sl Jl Jjlo 

^ t s*T\ ^ \ Lo « 1 1\ J_a J_clJ Lj <dJj ^ 

6J_3 <Jj_t-aivll jj_o 

_< Uoa a^j < I_^jx3 1 ^ 20 

1 jyijs\ 11 Lcj-C cjI^j^Js! Jj—J 
. ^ Lu^Aa -^lj »—^L^jcLLs (j a I Laj)^ I n 

^_lc HjlC I J_A <jlLJ| d^L^Ji-col ^ t A tj 

6jJsl (j)_O J-~s-> (^j-ll I <Cjl_ijlLuJI 

. 6jJfc J_aa_i jj 1 jj ^Lci > ^^-ll 

MINI BOTS FOR A WIDE RANGE OF JOBS (*) 



<£.jjlLo _L. j < ^ 11 <1_a-j _ \e. O-o JJ 

^3 ^^aJiJI <jl3j^ ‘(^J-^J^-II (£ J^vlil 
Cul^j S^-cuaJI Jd-I J <Jj)» iuUI 

j)-o I Ja.1 j Cjjd-I JJ Ca Lc.j-aaJs I cLta jya <X.j_oa_o 

. (j^jLXJJLlOjJ I j/uJjJ-CO^f I 

<Jj < 11 ^ II <JLa.jo (Jj^fl cJijJ-co^l (JjLlla 

f-\ j-^-l — l^yLo^-1j-^-^dl \ (Vinll CaljjLa 

j_3jJI 6^-^I jl J^.j^l J I c_jjjUdl Jjlc <^jaJLa 

^a-oJjLo j^Ja Oi~s-> — dljj cJ-° ^bLJj Loj 
SjjU J^j^ -ll 

(Jjuu-oJI ^J <Jj)« iuUI J[_ja.J Jj^_oo J-oaJI ,^2c 

d U . ajI^jj a <ti nil Cal j JI (JjJuJoj ^XLoa^ II 

-* ^ " 0 " 

j\i^a r> ^J ^.JaJi—cola <<—Cal^j— 

^J <j) <<Jj < m^II (^J jaX^iU Jlj^.^1 

^ i m iII ^La-I^l ^ aiVa < <n ^ULoL-ajiJI \ 

^k: J[jo-aaJI JcI-cujJ <Jj_cuj^JLa <Ui^J.I 

<Jj) < m a^ll CcLcolJ j 1 ( Lo 1 7 1 1 JocaJ I 
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jJj-iJ! <t i <A // iJLuay/^jlJllu,/ 
/j-LJ Zj/ lZuL-U ^JLxJ! *U 

. LJiLl 

i lLt-Up ! Jj! ^J-^J - L .LL XJ! 

£-ajJL> £ To 7 i ^jUIj A m / 
<-Jj t inKII j-iiaLllIIjjljfjIS La£ 

JILL Cy* lt<L.¥ A/LoV/ 

iUSjJI <Zj fdr^dl j£j-a £-4 <lo£. 

Intelligent Microsystems Center 
L ^-o Ij-CuJL>j i^JI 

Lot . 4- dL uj JU V/ <Lt JLujD^H 
^Lxl/L cxLlc ^ uj! u fn * i> 

(CjIjLlm 10 SjJ <jjj!j>£- a 

, ~>/-v _ V• // d 4 < 4 t t II d \ \/i t t t d , 7/i 

cjLUiJLj Jr^jlS! L yo ^jy/ j^JU 
. < < iA // Zjjjllll 

76 (LzAusJ! dLxHJI 


LT^i (S^JP AcliV <11^ SjJualAl ^111 iLn* r> 

xxtiJI <juJj11I cjjJj osj 

tgKl^l < l\ J.S -11 CjI jl J < nil 

CjI jloLoVI ^jjC)uur> jAaJI ^_lc <Jj_ cujAII OcL_u 

<>lx_aV 1 <J _la ^ < Afl 11 (J-U_ujJI <1 _ A < All 


^jlII CjL_> jVI ^_ S Jjj 11 LoSj dlljj A_SjlSoII 

. jii^OUh Lg-^-ouU 

<Jj) IIII^ ^jxlJlIAlxII ^.1 oAL_u| A 1 


3>^a > 6H 


o' 

u 1 <>lx_aVI o <a jjLknJI 




£.—Asj ^jl LfrVVft) jl j—LA <Jj_ 


l£1I 


w 


10KJI 


3 JL 9 J& 


OX_l 

j< <h"w <n ^^111 ^L^JU (Jllaj £_x<_u yil 3 ant, I JjyaJI J - =kl JOP-a 

( I ^ < < I 0 '< i A -V **i i A ^S*i ,"l <A < I ^ At A 1 x«>"t t I d \ \ -V 1 1 I 1 il\ *^ | 

JAIJ ^1 I4Jj Jj .jl 14!^ ^iujj (jOJ^XI n j| 
5 J ^.1 j 3 JUuj| jj^jA^I CjLlOI ^1 a_»A JS ^wuj SojlXI 
SIjVI aiA Ijl xu' jj jl jua,|j^aJI ‘IJ -Z-ijSj 5jJjS 

jfc 3JLO>VI plj^l J^sAu 3^,1 J^dl n'i Uj_lCJ A ^|| 11 V 

J i n nil £4jls jfc jl j< <h'ii «n CjVJ - “ JiJAjJ l(j 1 

jl CuAi jl j^J j^ 


jAka-U J 4 S O 1 III 


AJl^vJ jii 1,1 jA.1_ ojL < vie AojLxa ^ 

^Ju-ujdaliJsl J^AaJI <^ill jJL j_ol jJfe 

d < , 1 \ 4 ^ 1 d ^ ^ Q ^<**< 1 dl < <«t. I 3^ 1 4 . \ 0 0 4 

<1^IA1I olj_JuJI ^j|a <d-oAli^J.I J_ lC ol_3i_o^l 

L5 —> Hjl-V^ ll JLJI 6j__a ^ 


* 4 <<j_ujLall ^_aj . LoLoj <t 4~v 11 4 ^_colaLljJlII 

(Jje-All l5 AaJI ^-ao-Aj ^jI I JJfc CjLAII ^.JaJ 

^_ic jjli jJlC <<JL2kJl_> JL-AaVI <-t-^J-5 

6^ o^J^ o^ 6^*1 6-°J 
^A-x> (^jJI j-^^l <Aj1_x 1I jj-o ^lAbL dLlj 
IjIacI 4_JAli> oLlkj blAj > 

■ <i wn A\a oUUJ 1 ^ a 



^Jl-i-uVI ^ cr Lj 

< d l j^ < .« 4 ^ 1 1 d^j -v ^ c a.^ ^v*411 d 4 1 -v 1 1^ d 4 l^v | jj I 

j/JiA^LJI j^\_) ^-o.^JI ^Jl LjljI IajIa 

JAij <^jAjj_cl11 1 (J^- I 

* 

_cojlAjJlII cLjAllli <d. ilc Aojlxj l<^n-^ <tn 

a jj»s~n ^ <Jj t py^ll ^^jIaJI 

\ \»Ti 11 AulAjuJI CjIjJIj <^lx_o^l A^l^jAI 

l Jjlij] jl £ -cAjII J-JuJuJ 6 j A J-2a.J^L 

• J-Ail <jjj Jj-t ^ L ^ U 

<Jj) < «I \*N 11 6J_A (Jjlc ^jl^jJI LaAj^ ^u^jurs S &J 
Jj2j <C-)l^jAa-ll lOijJi-4 _ola (J-^jl 

uk oe- 0 ^ j^jlAAll l5 —£ 1—&jLlAl fJ 

.^)1_AiVI ^Lx_oi jLxjV 4_liiLcua IjLxjI L^jLsuaV 

<LlLsj <Jj-cojAJI ^_L (■ LjlI I dJA<A (J^j^fl 1AJ 

tj\ \< nil ^_s L^JlAj d-jjj>^< ni ^jJI o^j-ll |Au 


(J_<-Al3| <cisLjILljJI <ilA <1 ^L^_clL1j 
l^J La l^Ajl-<-uua 3 < ^ > (Jj-L3l 

9- 

AjlAjlLII CjIjJ) ^ jAl i in V I pl ti m^ ^j_c 

JjJ_clJl 1 ^jAl 3 j _L jLa-j| £_a <Aa^ ^_ajll VI 

jlJ ^yAjJsl 4_JJ_ lL VAo^ .^_i_alll 

J^l-CU (J* 


a i a 


d lj) . M 4*C II <LcVAll (JjlJlS ( 

6 A 60 x 11 JOA ^Jl -soil 6 j^-^.L) ^jJI 

^1 Jll—cuJI ^jA o' 20 J—<-Ai 

1 a_UJJ COSjJI 104 JVAj A _As oil <^ix_oVI 


& 

^jlj j OliA ^S u 1 n ^jl <jlsJI 

.^AL_uV-ll ^AalII ^IoAAuL 60x 11 Al_L_> 
<Jj_ocAl L\ tnnll CjIjJI Aal ^4. < A OJI Aj 

^_SJ ^Jl A _slkU L^V-^2_I_ulj CaL^JI o I A 

^_4j ‘o^-I t-JO-l_«-ul ^-1^- 0^0 ^ pAAAI Axj 

^ i II ^^lA oIjj <luii \W\x f> (JjAa. I OAI—i_ul 


^1 


jLiiil JUJ-I A 4jej ^ a ^ <> 


Tailored hybrids (*) 


k lki, 


ajlcuj L^j_ lL c.iAj 1 2005 
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31© loom 


12/11 26 iLaJU 
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fJU f- LlJ iSiui 

. *L ^ l^j *Ls UaJ ) 


^A l u j ^jjLuXI j-a djLjii 

tUuX&Jj ^I^Ji CklSp jJj 
4£jijXI 4il5uJI .cJJ^la 

.f'jjJj V 

<^UAid .Ch> 


5j 9 U=J1 ^ I 1 ad I L* i Lj 

| dJj . Jl_l1 *LljuJ*4uJuJ I 

*Lj_aU.a_Jul I I jJV I jjf_-a j*JLJ^ a-ft_lluS 

LLJ1 *. ±4^, JjJ^jJ f Lv-> jJa o_u JSjl_si 

t 1 d alCi J j L*j L^-jJ I ^ Ll^_j ^ I 

IjUj — M-ajlai _aU J ■ '‘f jl /t_J_adJ 

t L * 

lj^ 4-aJaj ^aJI wjLadJ_i.l Jutj 

Jt*- -V^b iJlj.iiJI ^ 


0Jl 3 1 1^ji£uUi 

lJjJ_fij L j_a ^.JLCJjJI CjJ^JLlil ( j£Jl_l 

ls-^J uJ?J^ >> i L_s-^ 

J - u-* UU La *isK' 

La 5_aJL5 £_Sjl p * ( LlU^a C \Ji\ ^ 


. G Uj_^S ^j-a LjJwa %1 ‘n i V ^ I .11 

/jJSijJi *Lajj,laJ I &Ju$ 4_i_add 

Ljj" ^ u ^jdjJl CjLaU\ilj i^^Lk-aLVLa 

i^jijLaliJ-adV J^j-au-a JjLd 

^UaUI a^) 1 a^-ad jS^ La JI ijL 


^aaj jJld^a bya + SJl t -•■ -> ^ La /^jXaJtJLaUU 


S<LuL^-^ ''^Laua/iLiiH ^I Ijl ia^j jj taL* 

^j^lsJ — ^JL»JI /jA 4_sjjua jjLS-aYLs Ijl 5 j ^ * I jl— 

^ Lrb^' ^ ^JUJt Lajlj (CijjIjVI 

Qj f ^ i ^jl ^_5-J-Ji—S-J1 ■pLJcs^fl' ^-C-l In \ auLi ^1 DJ ^ i I jU 




ii^j I^Juauji 


J ^j-JuuJI 


5jjj 1^_jI :«^JUJI jlisftt SJLlil aj_^ tiuukjJU JJLJ U J-&> IjLij 


Lj_jtj_pCL _«auu *Gi 4^j,a! l^_j i 5L1_ajjuJt ^iJlJIj 


Sh j^/ cii 



t i'uuuj 1 i 1 l UzJ 1 — Lc s_^l ^ 1 

*'l ^'' ^' OVI Ml | £ Cjl SJJjliSJVl 

^i»JI ^ ^ VI 1 L' \ t .i l \ ^IJIj 

.^JLsJl JL^. L/j f ^ 

LJU. * L._a aais ^ ^j,l 

J,ll^VI JJ—L 1— 

JS djSJ ^CjL^jVI CjIj --LLi^a 

ju3j jLSilVI ^ 1 C/-p Ljio Sa^lj 

. Llllxj LI aclj ' rj j^Li4Sj 

ylSljAt iitfi u LuiJjj^a 


WORLD CHANGING IDEAS (•) 
solar panels (i) 

. Ji-^La! ^ \ robot <JL^I :-^ (y) 

. # ta J^J elixir jj^I (r) 
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u 


eJJLAJI j- 


cjl t> • JM ^ <tj—COJ 

<Cryj—<-u o-o J3l J—^ 

I 4_3 \"\ ^ .c djl_iVj j_due Jjld 

^j_o £^_eld^J c- L-Jgj 1 l^djl £C-dj djLsj^_cd 

. cj I dl cuu i!j-o-o j^Ll .UdlI 

u' -^- u ^ lj> d>^ £jl>—^-° jlj^l j_oj 
j 4 3 JVill <1_slLaJI <^SjLe 

6 JJ& J \ Vdl (jJ-LI jcLel ^LdJI \ is~\ \ _cu 

Ja_dm ULj . LJI^jd Idjlld 

dl^j-ce <jljI£JI SunEdison 4^j-daJI 
SolarCity 4^j_dillj -CjLVj £-cd 

-La_dm <ix3^j 4000 £ja L^_)jJ ^lll 

‘Jj&jjb 'Ajjdjb LujjijJlS (_ji 

S J_> J_^JI djLiV_JI £j C d.) J-C.J 

. L^_jl 3 .La a iV\ u<i ^lll 

.oil ^_l£. (j-O-S LJLc 1_c| 

3ji _cu.mil 1 £-)jJ^J 5 jJLo^.VI <i _Llilll 

* >* 

Jj>a <_£jl ^1 
jJL-caJ JC-JLA-OJ ^g\ <(( 45LuilLl *ij JJ» 
JjJ^u dJ ll^cu ^ ^ \ . A X 1 1 (■ I 

^Jljjd jXdJ (Jjj ^J-C <4uJLall A —jj^JI 

(£ jJI jLoJlJI _CuVI 4jLJj_cd 2 J—JLC 

dl^JLjJI ^-lc. 4_cd«jjdll 4jL*J-CtflJI \ 

I JJb Jjlcj _cull 6j_A Jj d ^lll 

(j-a <HI ^ 30 J ^£jJI <;* CjJI 


o> 


<<JL_ 


/J I < ^Ljlc < 




IdUc 


4 q n 


A _s« 


d>d ^-cdldd *2 LgdUj <dJJ_ ulII 

6j(jJ Id dill dh° jdd^ ‘ * I 

Lc ^LjJI d)^) 1 *L 

< (^.u-C-dijL: ^-La_ ojj *)! 4^ \ .Anil dj_o 

^jJI 4 j^ _dill 6j(jjLLll ^_II 4_ A isb\ 

^j2jj .SolarCity 4^ j _Jill I_ aL-^Uh 

j^jq-cojI ji (jLuj ^ SunRun 4^j-^lJI 

<j1 jJl£ < l^jl_die L-da_ culcJJ 


<>L^^JI 1.^luLjJ 4^j_dill 6J-A 

.4ju-<jlc-cVjJI j-|jJ^I jaJ^jJL^-G L-lajd 

jdJ^J ^—l^jfJ Jlo —c dl—lAj 

I jJyU l^L j_cl 4_ds^La 6-dl J 

(J-cl^ dl^-S^fl dlld^ < 4. \ a i 


-tiJI Cj I j 1 ^311 4-<d. < \l 
djjldj <JiVI (S lc. UUJ ^dLci 6 jl 

d>l£j-dJIj SolarCity 4^j_dill j jjl! V 

.^CJj Lc$ 4 jJI 4^.L^j l^J 4-c^llll 
jld] <Cjj— d A> Jj—^ 


: [SunEdison 4^j_tlJI ^ _call I 

4_>JjlII J_6J_>J£. (J-cl^C dJl_ jlA)> 

4aKjj JLLI Ij 4_<d5ad L^jlc <4^ji dull 

6J_djj l^JU^ 4_»_<_u-C_dlll ^“I^J^I 

.4jul»_c 4_^La\c ^_ Q _dill _eda 

4 q \"\ a. c 





. c liyvi ^1 j dJ f j^ui jjj.1 

t ** s I i^U u 4 L*> ‘ • * l y_i <P* xjuI 1 4jJaJLJ a. \ 

^ lc. ^jdsjdJI dsJLjJI dilLc JJu-ujj <4_»jUI 
dj^ll ^j-c 4 jL^j Lcld 20 ^J c 

I j l$d IJ 4,^ nil I j . 4 \\ 111 4jls 

Idil^Ju-oil 6jll3wJ (^d-!l ejjluu^M t_ SlIjl^.1 

j I ^dl j 6j(j) is\ \ <6j-iJ^JI 4 -Jlj judill 
<J-c^fl (J-i^La JdC. jl jt >Vi i d 

6j(jdli 2h° lP' »■ l^di 1 2x3^d 

. 4 JUJI ,L^UI 

j_ij-cj <^j _ cl£ .M .D> Jj _ 2j 

4_*_cL^. 4ji _ojllil j £ J Ji ~C\11 4_alLaJI 


^^ILuVjUJ . 4-JU-<JLC-dll I ^“1 ^J^fl d>°3 J aJu-ujJ 

^ I 6^)_lL LlC N JJ} , s+>\ ( ,dj^JLjJ I 1-^ 

^^ ^.1 jJ I UJjj ^jj| ^Li^^JI <6j-duljLC 

C>^ =l _^ 4 juujlcuujJI 

4dJ-S-2 J_s Lc_e I 4 -cL_u — la I j) 1 \*N 11 jJLj-oJ 

. 4_c LsJ 1 4 ^jlJuJ I jdj-c d^-^ad_col I f- Lj^iJ 

jlcdlcul ^lc ^\T\ a i 11 J a^>^ ^ dUlaj 

IjJ^fl 4dldj ^j_c J^l — Cx$ _ 0 ^^ 

Jjlc 4_2JJJ-C 6 J(J UOJ J- 0 -*- 1 ^_t-^cu-tJ I 


dj^JLjJI J^JLc (J A^^>. 1J — d J-C. jjl^l 




u^r 






ul» ls— S 


The No-Money-Down Solar Plan (*) 
grid parity p) 


4djjia Jj_^d jJb <AaI 4.^>J1 4_lc. 

^LudjJI f-\j _tL 4 ^-Ll\ Jj _I_jjjL\id 

J-SJJLJj .((4_alLaJL 4 ^ la ill CjI _c jdaJI j 

JlkUl A j— r LJ5 C5UI 

u* ^ Je>dil! ^^jj—dl ^—IjVI 

J^adJL —cu d y^-l^d —coil 

<^dljJI JlLxJI ^lc. ujlidJI J-Jj-dlll 

^jJ 4 _LjjJI cjI _llUl <j t ^_II 

:6j^.jll 4_alLJI jjL-olaj L—^dljlLc 

6 J-cju_u 1I 4 ^ ikU 4 il l 4 \ \ \ 1 1 1 c \ 11^ \ c 
< ^Cuo I 6 J J-t-u-o t C \ \ l.*\. i 4^ w n 11 jdj-c 

^lc 4_c^C J_c dJ_6 j-!Ul^ djVL^. ^dj 

. lydlujJI d-) 1^) uiC. ^ J_c 


> Lc 

.p> 


dAfJ ^ 

4^^)_(Jill ^ _CU-L JJJ-C J-2L l] <L_lilj 

^ J>* ^^.11 4djjia l^dl» : [SolarCity 
(Jl^-el I 1 l9^ Cy* 4-Lcu-C-lxlI 1 <dlLaJ| 

(JjI dh° l^«-i—> JLLI jJlS^jL) o j— llj 

(( . ^yjLCULC J \C. J_C I | d_A J 

j_ j£ 1 _A SolarCity 4^j_dill ^1 

*» ^ 

4_JLcuLC_dllI ^“I^J^fl >_dlL^^jdlll 

4>j-A dJJ-del ^—lllj Jjl-ill ^ -S 

4^J-dlJI 6JJ& ^jXLCul . 4jL^-JLi I^jLcuV I 

Ldui d)Lc^dj Jj_ll 2006 f UJI^ 

Silicon ^d 6jjd^. ^-»jl_die A _ellL> 

6J-Aj . L^^L^d d*_i L^dLsuuLj ja_ j Valley 

4ji _cuLC_dllI \—^\jJl j_2 lJ1 4^j _clll 
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I <J|_LJJLO-Jlll <llUJI 

(_i« is\ 1J .iilLJL Jjl_ill Jj_ ^jA 

LA? 6l * —sjL^ jj_ > o Cx$—^ 6l 

dJ 1^)Li_aJI 4^^)_<-L (jiiUjj <dL<_u^-o .E> 

lw^f> <[Tesla Motors ^L^5L1I 
■ .SolarCity jLJl L ja\y^ 


<ju_u <111 ^_a 5 ^Jl 3 i LcLajjl 

j-s_ ljj -LulA aAHI jjLsJI ^_a 

<111 ^_a 20 Juis-cu LlLl 
.<.* 1jil ^lj_W1 


M J 


xiJI 




^■UlTV ^-LsLj JiC <*\ i a nil <jJjJI djJ^lj 

^dla <dllj j—*_> LI - ^JlJl 


oj& 

^1 J-*-LS Lr lll 6j—Llil oLVjJI ^—a 
L Jjlj dlljj <<1 ji_ Li! <jJjJI (£ j 1 juja 

(( . ol J) W n JII^I dJ^L (j\-i 

jx — lm <L ^ —L ^Ul dxajJl 

<^Hll *L^LJI 


jlS^f 


<JJ.UlL.Ld .Ch> 

j-ijlLI flibbXrk 

^ 1 X A L^_iiLjU_uV JCJULol djll>JjjJ ^ 11 JCJOJ 1 \ M~N. <J_U JjL^-O <JkjLj 6 L^ ! <jJ 111 I SjLLI 1^11 

Jwn^l ^jIj (J^AjuuJ 1 ^J)JLxju-uI dUjJ — ^Ijlc LijL llj^JLJ _ ^J <L^jlIjJ| ^jjlj Ll Jjuj J .^jLJI 

(jl 1 Vs a j eJLL 2 )^ L^;ll jVjJ o3f^ 600 Cy* (jL^ UakL Exxon Mobil < 1 jLll) dll cl 2009/7 ^Llll .iLi 
Jju-^Lj <jI ^j£. jjlj > jL 1^11 JjlsJIj dUj ^.a du^vrL 1^11 Joule Biotechnologies <1j-2uJI ^cLj . 4 ^ 11 6J^j 

. L^-a-cuLi 4 La nil I4I0 J)1V\^ 


S jLi. 4 -j old 

^Lia jLll^La . Ljj± ^H-L ^jJlj ^1 a s Jjl^jJI ^.j-u^jjJjJ 1 jI ^jjulj(jjJl (jxuJ 

^JULi (2-^JL^VJ <ll Jj 1 A lj*un,ft ((IjjJj)) *^LcLj (jl ^.JJjJJlLI <<_>J \lV\ll 4_>^ UsuJujV I J I^Js I 

<jl^Ll! ^LLa <jlLx3l 11 &ui$-lj .Lj^I ialLJI 2h° jjJjjlI LLj <_^a^«L lX 1 233 ^.jLljjjJl 

{ja j j xs~i"s <_ul^_ill L^oLlIo q)I ^j^iJl jLuij^n < \Lc ^Li jaL l^l (2 -ul^. 


. jlu <jLl 1 j IjL^. ^A J-oLill Ja y. 1 L LL <.a-L^l 

uU jJjlU 4iauj|4ilbJI JaaL^I 

dl^l ^3 AitVl i 4llUJl jX^Lxju-uV ij^jSa ^L^JI JijjyA ^j| djLuljjJI ij^fl 

^Lajdj J£ iiLJJ <Lj ^jxuulL ^_Ljj .<lil ^_a 15 5 jLu 

LjLjOJJ .6^^D (Jjlo jIj ^lll 6JuJ lH djLcjjLtll ^jA J\'\\ 11 dlLlAj JS-lj 

IaLL ^ iiLJI ^L^vll djLj_L < 11 IL-clc SMicrosoft j Google j_ 2 lll ^ JS 


.cj^-11 4 ^ju_u ^ 1c ialkil ^—i—i_i-» 1 <_jLal ja 



(j-Lluji^jIjjjoJI) ^jaJI diMiJI Ol^ilo c5 _Ls^1 ^*LjJI 4JLb 

jIjLLcuL t—\^,3 ^iJI <jJLJI djLLJl ^L»j 2009/7 nil ^_a djj-Cujj jjj^jIju-u <jloL ^a duj^.1 LjlU 

^j-o ill 6 jLlD jjjjjLI ^Ji5Cj L <2lUJl ^j_o (J-oLi ^Asuuj a ^ILWI l_ aVl djlj-Lc ^LjjI 

£y> JjLcul ^Lj l>^ <2lLJI 6 J-A Sky WindPower <L jjiJLJI jLJI d^ jlll S&j .Zja 100 l\m\\ I 4 JL.L. 

Liu (JL^wj 6jjjxhllj Ij.^. <Jj)^^.11 <2 *^LjlJ 1 <LI^JI jkll 

djljjlia (JLl*ju_uE <Gl j t a ^ 11 JylLO Kite Gen <_JIUjV1 


IDEAS TO WATCH (*) 


/ 



































Jjlil £j!uj3 v-LjJ^ju Olla»Lx> 

.(^jXI j.I JiHI JbuLcujJ j 1111 I 

<dbj4-u .A> 



^Lj^SJIa iLLabdl 4 \ II CuI^j 4_i£ja 


<<1^.1_do 200 000 l&dd£. J_sj_s ^3.11 j <6d^.lll CjI _iVjJI 

<31^1 . d^.1 jJI ^jjJI ^_a iLui 20 ^ lc dJjl V <_al_ <_xjlo jLl^j 

3ajAgJI (^-1I MaJ d^*! cjL^j-II JaUL-uI <jU <dild 

<-AJ LJ ^ 11 j^Llil Jj-CO L^JlS ^aJI 

.L& 240 jl 120 <Jl!LJI j SdUV 

^jlLi j ^jJ^I <^UJI ijl jj C^aIU 1 6jjca.VI <j jVI j 

2>a_ca 1 dlldj <*Ia^<LJIa <lals_!l <ajLc1JI <ajc^JI CjLjl^. 1_coll 


d^j-ll <lil ^_a 40 Jlj oIAa-Lco dl 


^JAAOjJ^I £^lcoll ^J-«-tjL a! 1 <J^jll ^ 


u 1 


j\ka ^ (jl (3A3 <A^Aj-aVI Sd Vill ^ aAj ^£d—II 

^ J>3j-ll dl-ooldl ij£ -U<\1 ^J-Lc J^JAJ 


378 Jaa xtn ^1 ^jaj jVjd ojaL 45.4 <liK3 j-lll ^jj-iia 
6d-&j .2011 ^Lc <Jj>IjI ^-a <Jja 11 ^Isu-u^aLI oLS^ll 2>° 4 aSj-o 

JaLLcoVI Vjia-col 50 dld£- ^_a jAdl-co ^1 CjIjua. 1 dill 

2>a <2lkU I_^_jjJ _<_u <cjIaj2JIj cjIajJaJJ 4_»aIaJI 

<<ajIj^^JI CjIa jill _ *\j.S*iA jIaS O’ 0 J _do 

^jlaJAA cJJj_co < L^ajl^.Ia 2>^) -F-550 djJ-S ^)lj_la 2h° J*NxA^ 

JjlS ^j_coJI ^^-3 <Ajl dA>. jljUl I d_A CUJA ^jl (^1 Jjj-S <£!j-do 

. | L^a <_<asLlJI ^L^UI <aj l ^.311 oIa^.LJjJI \£\is*\\ ^UJI 
CjIa^jII ijlo^jl (i \ ^J <OJ^-tJj P> ^ ^ \ \ \ < I I 1 \ ^ \J) 

6J-A ^jh) :MaL£ _uj)\^s.II LljjjJ^aII^ <_uL^UI 

((.2011 ^1"^ l_5jo_o oIal^LloJI 

4-U-v 6lxtt\H <AJ J_2»j| «‘ Q ~'J) AJAJ1 dluIjA)) <^j_dd J ol VI 

2014 ^lc (JjJL-vj <_o2sL jlju_oVI ^1 

(Jauu <ajl^a oLaa. 1_ddj JiVI ^Ia^. 1_do 50 000 

II & j_<a IDEA «I_»jj|» ^jVI £*dj_all la 

J^aJa (jl JaS <AjILaJI <llLa Valc 40 isloo-c jllvo <^j_Jlll 

40 (J^ ld^.lj dll^A_<_OJ CjIaIjI 2[_CO^fl ^£.Lj 4S-JI 

.^Llo 


jjlII ^LoJlAI 

<LiAidlilALjLoL (jlsJI ^j-ll ^j^AJ ^UfA^oVI oIa^^II 

6j \ 'x is~i <1a.L-L dJV-^Ao_ol V ^jxilllla)) .6jAJ^ <AaAJ 

. CJ IJ IauojJ I ( j-° I -dA. JAJ^ Jd£. dJV-^Ao_ol JjEu J^ajJI S J-A.lj 

J 

]■?[ V\|| dJV-^Ao_ol ^j-IlLaA ^j| <li^Jfc (Jlj <AA.LoO (jt_LO ^h 0 - 3 

((. (JAJJIjA Iajajo j l^la ^j-a 0 Ij Ia _co ^_ ujA <is_aj Loa 

<0^)Ia -CoK -do t i \ ^ ^jAjIa Jl XJt^j <<L^J(^JLa| (3^ -B> 

jAd-aj a kilalll Jllll <a11a! <atvj>jJIjjl£. Cil^j_dill ^d^.| 

p\^JI oLl^LUl 

<J_oLx_lI <Ajl^01 <1 l^^ II o11a.L<JjJ 1 ^j-a 1300 dlll^_a 

La JjIjia Jj_SjJI ^ 1 _V.^A_col ^_S 6^La^ ^^Atwa ULa. 

<AJLCc^JI CjIIa. 1_dill 6JJ& J • < '_ JJaIajJI L^aIjaLoJ <1_H-->kA 


^j_a Jldlil Jjl^JI ^adl 
^aJI <LalLJI 2h^ caIal 


. <AjLlcojVI 2)-^ 1 jdlo tun <a\J < <jcaL_o <Jj_OAA 

.^c^AiJI <1U < .«j*\ a 4ajLc. 6jIalco 2xJl 9 (Jdl*A <Li^mi 

^ O *— 1 ">°] <jjjjL9 - E J> JAj 

Jl^ ol^l j ,„ l AUJI ^LjlkJI fl_UJ 3^1_^Jl jJkllj 

^jl^jla 2h^ *b^j-o ^jl)) ! ^EV1 6d—il^j-ll <ja!a j4<A\ JJJ) ^^j_a 

1aj)\A o ^jA a d^ljJI 2>° 1500 j_a_p c2)j co ((LjaI)) 

Delivering the U.S. from Oil (*) 
regenerative braking (^ 


L$aI . 1 \\l~i \ S JijdAc-a 4 1 . v via" II 

_col (3-0^ cl)^ I 6^La5sA -U_Hll 

.<loj_Lll ^IjaI dAflj 

pL^ilL ^ialsJI <JUL^-^JI oII^LaIJI J-OJocajA <<jaIa <JUA.Ia ( ^yC 
— JLal ialcoLO jIajL^-I L^a^-oaj .niL^JI uTill L^-lalLa 

31 2 )J^ c 3 ° — V-lajA 3 j-*-^—^ ^lLa-j < 6 d£- CjVLa. ^—aj 

Ilf (^dlj^VI <j!il—laVI L$J J d 

^LojlaJI jjlcoll Jallll 2 >a _coll &uJi ^ Aiyi 

4 alUII jjL^c clu ^oa <2008 jaLc • 4 aa1aj^^JI 4*\ \ a oil 
2 >a <111 30 (j-\-oG 2 ^ 2x>»j^-!I 3-° <aJLUI <aj^iIIj Sjd^3il 

(.SdaGlI CjEVjJJ iGL^UI ialisJI Ja^.a 

<la|_3Lll <juc^JI 3^1^^ -EaI coj mio 2)13 <6dC ^\ 3 s 2>°J 

jA^I 3 \ A^i3^1 dd LjAA 1—OJ ^1 <A_ coaIIa lljAJl g- Iaj ^ 'L> 

<l^LUIi .<a^V-^a_coVI 4ajL»JI qLlSjII ^Jl 4 a-cajuJE La-a 

1^11 A3 ^ 6j_Lco3 4 jlcjj 4_al_co_a j\'\ ^-aLcGaJI JIja ^_ill 

*> 

<a^j_^JI < 1 LUJI ^ja L^JV-A. j\ n a <ts < la 31 !I cjVIaa 2 >° ja dxJI 

<Jliil Jaju-o ^ MfVI ^-l5-ll 4jlac 2>A IdljlLI 

^_a <aJa^a1I CjI _ad All 4 jljIaJI d_‘^-11 ddl.Wl_do a 2)J-^ 
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i LJlgjJI LJU. <i^^-$-ll ol^jll Jj^lJI ^jU 

<jVjj 50 000 j 30 000 2 m <_ojLaj Ej_-y 1 jJl IaL_u 


-tiiVI 



£-° 


■ jJLII 


l j-A /»i 


.dlJjS 


o' £r° 


. ^ aAjJ I 1 1a 2/ a < > ^.3 ^_a o L>j l.U \ 11 <jUaj t^n Ji^jm 
<^Lu-LIj> 1 \\ 13 lj jaII cj!5 ^jjuulLII djllj-il cjL>jLU-> 

^—sj j^lu jlG_ <_uj « L>j_>l» ^_a LJU. £_a^1jj ^2.11 

dxij^.1 ^3-11 oUj^I ^vloa ^ ^jl Lo£ . <jJLaU^fl < 3K3 \ 1 

IAjJl£.j Jo 13 ^jAsjlu 6jL_ LJJ ^_S dxx aAj ^iJI diLijUo ill ^ic. 

dj Lij lJo \ 11 ^ 1 c. ^ \lo \ \ i ‘ < ^ * f. Lj ^1 Li <L IaJ I dj U ji I 2 y& 
(jXULJj <CxX$^ D> JjA> JJ-i-UI I JA . <J^^t fl.l AilVl 

t» JjJ _ill diljL^jVI JjIao)) -[^1_HVI j-ijU ^ _ <_<jlS 

jaJLsJI ^_S ^Jj^l 4 j1jJs) djLi^jJJ 6dA JjGG ^ <1_flAjA-ol 

^Jj I jio a A ^ 2x3^_ < - u l^jl£j — LijLx-^jLsI IjLlA. ^c\ is~i \ 

((.(JLo 2>^ ^jlj3 LL IjJn ole (Jjx^o^kII 


<l^LiJL <l^LLa 2 x 3->J^JI j_i_cu^i ^ll diLil>ill llU 16 

^jlo^jlJI dil il AC ^JjJ J XA A<1 C\ <j1 JjAi ((.AijUll < Ajl ^lil 

^ jLoll ^_Lc <]j o. jj a 6 J-2sJlII djLiVjJLi A X,\ 

. jVjJ (J(JJlL> 450 <jLojlS ^Jju e.Ajj-a 
I ^jlJI <jl>jUJI (J-o axIjJI _Icj 


<LX3A>^ ^JlA$ '— 


oli^l JJ ^jj) \ a ii \ i^JI ^1 ^jjJ-ll . a itVI Lo ^jLs 

^_a Ji \11 (2x>b>JH- iJL J»La .4 jlLoJl 1I dil jLljlC^I 

^Jj^fl ^L^lJI ^SU_<jJI ^jl_UJJ dxilJ-J 4^j-<-L 

<bjJ —uj ^jJI J^jJI (jl <(( IjJjI )) A —f^J-1* 

^ < M (J <^JJl1I ^Llc 80 4_sl_UJLO ^ll^l A\^\ _lL 2000 

j!aj . L>j)\x^ 7.2 ji^j (jl _cu^fl ^_a ^.Ll 

A a A oLlLclC jj^juJ j-a^1LoJI di^jJI I I j\ai *2 

jl —jLsLj-uVI (^-1^ ^-Lat-A-^l dJL a-OlJlL^j ^Ij^.| (Jl9^ ^Ij tlJI 2h° 

<l^J(^Jlo| dilj-iJAi eJ_ ujl^JJ .(jiJJj^JI ^lc 4 jlJj_a-2s 




c Jt d^idL>> 

Js^isdj i n Ml ia^lsd J-uLi 

.^IjuiaJI J. Aa u 0,I jjj*j 

.M> 


JajLcuj Lo£. IjJlJ^JI ^LS-caJI dilj di^LaLoJI (J-a-^lS 

Jja a^oII JjlS j!$l4lll 2)-°-^ «_ iJJ-ujLi L^-JlSj . Jllll 

* 

Ja^o3 Cf^j .<aL»_o djlk^o J^l j 2x3^ ^ di^LsUJI 
cjl^jil ^“Lu-aJJ j^-lj^JI iliLiJI 

(jj .iaj ^-1^- 2x3^ *■ illLiJI 2 m jj« a^oIL 


<^ju_aJI 2)-° <jJUJI Ij-aIJL a .<LUJI 4 \ l (_£j )'** 

<1 lw djLL^o <di^LaL^JI cjj^jJI <£-j_cajj 

< aiA^oll 5_iJJdcJI dK aoII A ^lo\Li <jllL| dlJj ^ 

^AS .<jlLuajJI di^LaLiJLi JIauVI ^j. A-^>jl ^j-ll L$-la 3 LL 2 JI 
JllJI 2>A i*-JU_U (J-Ojll (dtJL-O. < LuLOjJjii llj!$jj 


dJ^LaUJI ^Sl <^<Lxi-A-£ l// 6jj) 2001 ^lc jLo £_ij_<_aJI 

jt-o-cu j^j . j^.ljJI ^jaJI 2 )j^ 1.6 JjLs-> Lgj 

<<jLijil 2>° M^Ll. <isL^. 7000 5-Jl2)L* 4 jaLo. ^jll ^lMil 
<d>MiLiJI (JiL^ju_uVI jA<io ^jl (^jJI 

.<111 59 ^j-lc J_»2>3 < i Jt-ali ‘CijJl 2h° J-l j (^.Y^k A^o i Loj 


Bus Rapid Transit (*) 






■i ■ ■ 

J jdH 1 

jgTP 



h - n 


^_a UU. 2 j^ a<>y <jjau\ ll IjLa-Il^JI j^jLi ^-[ 3^1 

.aJLj^I 2)K*i< jja jjAi ^LJI 2h° JJ^- <j1Ij-ojl 1I jJaliil 
<jlL^ L^-Ja 1 ^jxuJ di^-A-lxil 2h° IjJ^- j lA. i Jj M11 IjAj 

. ( j_«_ujlllj j-olll ill jJI ^jJIjlII 2)^-° JaIj ^ullll JIauI 

ql. jlsuLiVI ^jjjJ'l ^L^.j2)^Ij oj-lill diVL^. JaaIj 
a aIoM jVAiiTl Lojls <diljLbuJl ^IIaII jLloJI jLlk.1 

. <LlALlII L^IaIHj j <JajJL jjlklll <Ajla-1JI ^-iJ-iAoJI dK a < 1 11 

diiLaL^J J-LOJJ — <_ll mJIj — <LlJLcajll 1I di I j LlAJ I j^.Ij 
l^. ii a Vi 1 ^ \aC 2x3^ L^I-ajj JjlA duu ^1 J-Jj-caJI JaiII 
6JA .di^L^A Jju_aj ^jj| jjlAj^l Jay JsILcajj J-aS_i 
<ajIa 1I djlljkJI ^ Ic. <j2L_ujAJI j-2>.lj-oJI ^JjjI (A aIoWI 
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l^ij . I \ \ £-A I J _ Luc»\ ^1 

I j- ljj I j\ ~y. vll J Cx^i V I ij — 

(( *(J^ 4jAc Loa j \V\ i 

4_aV _cu ^Ac AaLftr^Jl . isy Ula 

Jj _ljjJI J_jla <jl_a^jJlj ol_laJL^JJ 


£jl-^ (Jjj—^XXJ <<jdjlj—£> 

^UJI (J-ojlII iuL^jJI oLu-^jjJI 
^Loll <LLji dlljLi> ^jxojjJI aaK 

ol _IlLaC ijl dV 5 _ Uck £._ !-O^J 

^Al Jjloj ^lll <6d_ adlll oUVjJI 6 1 _la 

^jLk Jjlo 200 iaL-u-c 

j.s*> ^jjj.i7.ll Id-A d_a_jj .4_ jj^jJI 

^^Ac _<-oj id-adill oUVjJLa ^Ualll 

jdaljAlj jJaliil Jjla 2x9^^"° 4.4 

ol^)I a*AI OL^.U-lla (J* '■v * La_c t | 
j^LJI ^—a jl^jJI idj^.jll 
6jXail oUl^il ( yA 4lll 25 <Ju_o1j 

jj-2 

2)1 2009/9 xv111 ^_a ^j ^dJI 4^11 

Ocean Overhaul (*) 


(j-ul ( yA j_S <LoJLj Ua.\ 1 jLa^jJI 

2>-a 4-ajIc j) ^yc 4-ajaiil d_cl^2JI y 

id^A J j->di ^jJI <oVl^ jJI j O l1 xfl II 

^ I Q La I d ~s. \ a nVl ( yA IaIo>J_ljj I 1 \ a 

o UV^J I i a a . ^^l^cVI 2 >.a 1 is*)yc. 

'L AVi*! \ CjIIjl^JI J_aJ jAl ( VJla 6 d^dlil 

<dlLo_ ljj^I Jj-uaJ 4 _»jL^Jl 1I <Ja_ ljjlj^I 

<-C ^jAl j . S J-a. ^Ac ^(JS 6jlc 
^LojlS <iol_ ljjJI jl jll 6jl jL I 

^ 12 ^jjJjljJI oLlLoJLj 51115 <CJ)r>^.^ 

J \ (IIlju-v — dl_Ij ^Jl I_oj .jL^jJI 

oi l Jl j I 0^1^J II 6 J A £\j ot^q 

j)^. n j . I_jlj^O 20 ^Jl A _oL^Jj*2I 

^Icl^-o 2h^ oljlj.. all <cli isy ^1\ 

^Jlc 2^7 ^ L° LT^" 4j J-aj Us 

Jji_ljjJI dJj-iJ 4-s_oLa. ^_a 4 a x 11 4 \ \ \ 11 

jJ I jl \^kl)> : (j\ <jjjlj^ .L .B> 

<1 J_ol2 y\. \ JLS~* l, l^i\ ^.*2 I ^LlU^fl ^-JLC^a. ^jl 
(jJzJyA ijL^J <6si^. (^-lc ^_Lc 0^.1 J (JS 
2 )j d 2h° 43 jLaJI 4-iUlxJI j _^_a j-jLa 


4jij^jJI J^Jklll dJdd^J 
.Sjji oTi U jl ^ ill 

< ( jj)J-tL l iJUjl .S> 

^L^jJI 2A CLJJUlJ-uJ| 2)-° JJ^AI 1 1 V 

. J^llcMIjL-oJIjolJo \^.ll (^d-^ 

OjL^ 4, \ 1 ^Si LljjJ I & Li I 4_o^l_ ljj 4_>l a 

qL-uLlj-JI jlAa| ^jA ^jdAJ 4 U/I*} 

L^_l_a Leu <c jt^LJI L>° dJdJtll ^j-2 4jl1LijJI 

^LoCj(j id La 2^1 L<^ id_aJLil oUVjJI 

^Mc > a xs~>j ^—a I—du d^ ^ —1UUI 
^Ac JaU^JI jj_t-aljLO ^.1_a UslLA 

^ V I <idC ol Jp jljjJ 4J rc_j j^jAU 4 \ \ \ 11 

3 

. 4->J^s. \H J^-iVl II dJui^si J jl^jJI .U \ 1 ^ 
dl dlol ^j) a i 1 o_ ljjjJ ij52aJI 6 d-Aj 

oLc ^iJI ijIdVI ol- ljjL-ljjJ ^JLAJlLi 

^JaLllI j 2)dAI jJi jAaij 4 jlojli 4jua.(_jAc 
I l a . 2 >a^ I 2 >^ Oid^ s>^A 4 \ vl~> 11 

j(j_t-oAI 2x3—Vi cr ^djAI 2)—° 

jjd 2h° 4 _»^jLo ^—lc idj-o 4 —a^UVI 

Vlj <JI—LUVI (j^jld—oj < 1 —j !11 

4_2xSj>o I_xlafl jAaJI ol x.s~*\& _ljjlI 

^ fi 

<< \\ 1 ~>jJl ol_\A^kll j ol_^_a 

JZ " 

jlajAl d-id^ki i J^A sled Jj_(-OULJ dUd^ 

AalljjiJI 2)-° ^1_t <<a \ a <>a d^^^j 4_>j"s. \ 11 

^Ac l^- 3 -s 2 x 3^3 4j ajUVI 

.ly^LA I t/y A ^a^jVI 

V| 2 > j dAjAIj jJl^>JI ol \1 a» \ ^.aui) V-s 
.jL^jJI j oUag-aJl 2 h° 4 u»a ^_a 

dJ La-cu VI ■V 4 U . V.\ l \ jT T A ■ M \ V 1^*3 
ids^Jsl ^lallil LaI .(^jii .1 4jlVaI ^jA V| 

Vi a fjl_la^.VI l^_> ^d^di ^ji-ll 

. djjL-^JI 6 d-A 


^IsIjla _II jxj&d_ Aj^j Aalljja. d 

<]p jV>\V 1 dd-adi j 4_ljj_>LAI ^Ac a \\a a 

jaAlc Jljlo < l^-id I^jAjI^-^ ^(] ^a i 
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\ —ljj ^y. t-i k 


^j-oLkll J-akl 
Ji.ijL -^1 ^^-k (J_a 

. V j*.| (j_k_o _Jk 5->j \ 11 3 _kill 

I <—LO^ j-ks J3 3d>^' 6^J 

jI^JlII 6jl jj e->jJ-<-u| J*Nj A -t-^k 

4-cIk ^Ij_Isl J^LL £y _o cj! _kjL^Jsl j 

<G3. Ja^ (JlLoll 1U \^ a 11 ^ikj ^jjxk-o 
^J-O JjJjlJI l^Jj-U ^^jJI Jj)fl ^11 J) \ JLn'\\ \ 

^Loj j^JjU ^—^11 oVlf^Jlj ol—k$-ll 
. UU J^VI 

. 1 ^^-3 SjklJI &J_A J3j 

j^kak £_lkJJ <U3 I jj ^lll dlajJI ^^ks 
(J-AJu-u ^^-3 Sjk^. Jj)^ <j-° <Jk ^.jk k 
^olk-iL^Jsl 3 jkkl 5-o^k-u ( ,-k klk 


< O^J '> j^l—^ k> o^-j—^ U^J 

5-^jLo-o ^1 Jjlll ^Jl Jxijklj 

$ 

j kaJkSjklll ^ k 3 \lk Jjjlj j]a JfrlVill 

^_k klAcJI ^_k <-» Jjjlj ^j_!l 4_uiVi 

CjIcLju-oJI ^-Lrvl <J^kl ^-o_3 .<juul1I 

L^ll-3 <<JUl3*_C CjVL^-O ^J| jUill 5jll5kol 

>» * 

Jj3 L^lLuJojI (jl 5_3 jJLaj ^krwl 

< 1 0 j^ \ J \*\ ) 1 ^ \ J p till | \ A \ < 1 0 J|^ Us \ 




1 L 


<jXjjJI < *Lilc. ^_A Lo-o Jal 
^-3 djklil jLu_u^flJ C^ikl J> Jju-uJI 
.[IkJjjk cjjLuj 4_a_ok^» ja^kJI <jJ^ 

£1 ^Vl kk_ll djkj-<-L 5^lkk_ul ^ks 


3*- d> 




i j_al» 


ls" 

Jjj-tl ^ i J 3*1 1 L^jJlkj <j| 4_» J J_2i—i _ 31 

(j-o j-i^)-ll — J_iLalL Cj\ _ojkJI _o 

j ^ u!3^ < f. I JjlI I ^j-o J—»j-L 1^ < 4 j 3 LkJ I 
5_lojlj j_o i 3 \\ \ 11 ^ lc- SjuAaIIj 5jjj_II ^j_o 

^Ijij (^jJu-uJLs .^*1-111 ^JJUij _ <-ul!1 

jLikJlj olkui^Jsl L^jljIjlj ^IlJI 5-oj^fl 

j| L^_l3 J _<JuuJI <UlL Lo _ XJ V 

^ Ikk. I I Jj ( l '\£\ _<-OJ Lo 

5k _Lxu^fl 6J-A 1^1 jl _3 CjLojI^JI 

J^3j JJ. a^) 1| | . ukk-ii j _^-1 (_5-^ 

j_o (J-oLsuJI 1\ Ac. (J^slIi <jI» 

cJ-° Cr^J*~ l>^J 

((. 6 ^ 1C. 

The Power of Garbage (*) 


^_3 j-5-^JI (Jt_o£.U ji.1_iAU 

^_Ik a-A'i ^1 <k_>j . aTi 


Jj 3 ^lll 6 jJlj^JI 5-jJLII iAjjjLul I 

JU_c -Sj-o J£ (ji eUj ^—L 

(^“VJ^-O (_3^ ts\ \ I (^jl £\C.*^ I 

J-iJ_2k. ^__3 \JJX1 <lklll ol_ 2i—^ _3 

<HJ_3^C. £j j_2i. <J | 1 C (jA_ juuJ k_3.3 

<k^JJ I ^_3 5_ ijI A A 3 _CJj 

<ll-3 <<JiS-il> (Jj-S c_j_(_u-2i—ij .6^JL^.^fl 

^-lc IjUlII t sl^k^fl cd^kki 

4jlLclC ^y> j\ \o Cj-3j ^_3 Sljl_<_oil ^^13 

51 Lc^ 5-C/pJ I \ _^_j jJ c kk i kjikklJI 

3 *, f. 

Jklll 33^ 1 \ 1 ^ \ <k-tlul 

.<kjjkJI L&j_> j-kij 

lj| I_o J_Sjk (J_o _dj 


aku 


( *LjbGulf ^2LU15^f 3^ Jt 

<L&L^L^UI ^ ja^-LOJ J4 oklilll I ^joJI (jl 

.kuLsj^SJI adLbJI ojJ^I 

<^^41 ,J> 

5kLuuUI kjljjJI ^_3 IjkL^-ll iilklk < lo^f o CjkLkJI 
k plasma gasification Uj^LJI Jjk jju 5jUj ^J • ^ 

. S-1C kLoj J^AC ^1 l_AjJjkj JjloI £| JJLJ ialkll ^IjkLcuV ij_Ak- 1 jJl^I 


^j-o J-kl JjlVdl 5kjk J-kkl 

olkpJlj jL^jJI ^-3 5jj <nd| 

(j-o ^kllll 6jl j) ^3 Jlok 

. c-j l^ki-k^f I ^_3 ^.511 

<1 \ \\ I ?\ _oic. _o jkUl (J_ 


Lo (J^Lk _o kkkJI 6 J-A 

, \ \ \ 11 4 \ a * ‘ *3 d> 1 xJ-ClC. T j ts 1 ^ I \l 0 \ 

f. (. - ^ 

(jl I 4 II-<Jj ^J-O ^idl <5 ^j^jJI ^—kill 

CjVL^-II _3 Jjllll _3e_s ^-^lol 

^^13 . 6 VI LLol I-^_JI ^^llk ^lll 

^_lc kLa^JI L^_jl3 3SXXJ _ill ^kllll 

JLoCl ‘(3 a ^ 'll k kill I «kJI 

<5j jLkdl 5k_H^flj dlLo_t_u^l j ^ is~> 

_l^kll J_dl 5_i^.k-£S _ijAlIl^ 

lAlljkl J—k .^kllll 6 J—A ^ 

^lll 6 Jjl^jJI 4k^kJI kI << 1 aI^)JI 

klkJI _U£sllo l^Jvl_<_UJ (Tjl ^J\ o s 

<ijj y; % \ ^3^) • •' a ^lLsjjlI 4, \ \ \ 11 ^_lc 

5-0 ll Ik —J) Lko ^J-C ^jk\ \ 1 C ~33 ‘ ''' A 

— (J^.lj_<_aJI ^ lc J 3^.11 J_i ^_3^_o 

.<1 3K*111 <k_AkJI Skklkll ^-A 

(j _ikkkl Cj _3jJI ^_ 1 %.j 

Lj -k (jxikjJk ^j^sl—kll J—clsJI J—jj-3 

3 

5->j -s. \ 11 J^klll „U>,V-kA 11 A _ 2 b-_s^l ^>-iC 

^djuj *6 JJL>jJ 1 ^^iLsJI 4-k.^. JloJi_ LJJ 

31 lt°-^ 3 0 ^ 31 4J j 

< L^lc Jj^JI jl 5_jjknll ^cJl A^ll J_ u3j 

^_3j .<_cuj_Cu 4_tkjl_*_o_i «L^.l^j J_) V 

jjJ-oJ ^jSjl .C .J> Jj—k JJ-i-oJI I j_A 

<Jl_oL^. ^3 dj IkjL^-i! j\ k 1 I Jjjjjk X o 

^klll -L> Ju^-J Tj| » ; r k-olk I Jjj[jl3 kjk_u 
aL-kslI 4_<-ujkd.l Jjuu V kj^dl 

<^ ^ \ (^ 1^1 3 .^ I ^ J)l J-i^iLs _ ia^JI 

5aIIq ^_3 i-ijj_Hi) Loi ((.Lc 

Jjij-ojnLcail (^-k j2L^_3 <jjulSl 1 II 

(g I ^Cjl_k^ilj j\ _^jlLI ( jj _>jkkJI 

5x.lli-o 3 dlLo_ ul- J ' J-ik-Ouo *_jl_^ 

jk)) :ikl-3 <(jJ^jl> Jjkji_CUJ 3 .kkJI 

^-k u_ 0 5_Ljk ij_I 3 J IjjLicI 

jS 0 

((.jX^J dllo <lt^J lllil ll-A £_o J-oktlll 
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j I oLJjljlo 4_ojj . LijLVi l^Jjl Jjj 6jJL^.VLi 4_t^LVll 
jl 1000 4^JL*_a ^_Lc SjjLa (Sj ^.jL-ouc 
jl j£.VIj j^jklJI jjls dJIj V oLLalll {ja ^jSi 
. LljjjSjJ ISj Ij Lij_ijJj I J_ijjj_2 Cj LiVj 

4 1 iVvll Vlj Jjt-ll j|jIU . <_JLa_o Cy X, a \ 1 Lojl^Ldl £)SJj 
4-lLjIj jjLiLs-o jliaJ o-iSJI Sj^VL^JJ ioL-JI 
Saj) <joaJ1 VLo^ <JISj ^j-o leachability (j-aLdl 

< (jLLJI ^ LjlJlII JL^-a 6j_ij£. CjI J)*i a nl Cd-aJ Vi A i«1 

I Cj LaLVLy^oJJ Vs-iy2ll V L^o ^c-Lclj J lyli V l ^ \S 1 J 

6 jJ^lil ^ Li j ^S11 ^ji £_o_s . £-jLt-oJJ ^Llj jku 
^Jd J j3VI s-o j» Ld^jjS Ijlil j iSlxjjJ I 


IjJLjS 1 a^ Ulii j ua i JiSi 4jSJJ <4_!ifcLVi (jSa i V JS-OULi 

- greenhouse (3-liijJI) (£jlj^JI j^LLWVI 

(S^> l£ 6l» : o‘ a J ) l '* |,;> M I•i* (J-S d>^ d^p. 

^_lc J-aX_i Loj^LJI ji.1 jSJu_uLi <JlcJL»-o (j^j-Vi CiLiUlh £)_a 

lSVJlII ^_s 4JaV-Lal jdLi ^jJI ^jj-ijSJI jju_uSi ^j-jLi 

.(( Lu^j jl jiILo-i ^^yJI 

CJ- 0 J-* u[» 

* ^ 

4-iLo^. 4_USj Cilj-iJAi ^j! VI .<1 ij *.Vi jJJtlLi ^iJLPwJ (jlS-o_i 
4 iL^II CiLiLalll £ ia^. <^JL*_a cxoj La Ijl <j| eiiljLi 4VuJI 
< ^ Lj S11 J_Jjl] Loj^Ldl ^.1 jSJLt-uLi ViVlil CiLiV_JI ^_s 
^ <11.1 ^ 8 ^1 5 d t , , < \ -T 1 4 4 I 1 4 iS /% 4 4 <1 a 

25 (JjLsi_i La ^1 — g-LijII lH^U. (Jay.a 

<2lLJI Li ^gJl a^.1 j I <_ijj^jJI <2LUJ1 CiLJjila ^)-a 61 < m i a 
CiLiVjJI J^ULi ^j| jJjll) ^1 £-0-3 .((<jJUJI iuLa^SJI 
<2020 ^lc JJU i ^J_i JS CiLiLalll ^j-a 6J-^Ilil 

6J_A ^j_a jljjlcul J two ^-3 La^V^JI aIjSJLcuI <jLs 

^ ^ * ’ 

.<jl£. ^ I "Vi 11 (jSa_i V <jJLi <JLaJM_i ^ k i t\ s S& <2lUJI 


JXr LcaL L§ .<JjkjJI 4. Li II £j_o 4 J 0 win 4 \la> II 6 ju» jj 

<^jI_L 1I LajV^-ll 2 )JjSj J^.1 2h° ^j->^- ^^-3 (^jLsJI 

L^j ijl 4 ^jJj ^H5_a jlc SjLlC — <jj) "s. a < i 11 

.^jxlo-ljuJI £j-o <4_iJJLa 4^.^J 7000 

< <AC I A^i 11 j | Jjdl £-*-ul Ci.L^yj ij^. dilj ^-ic jlhii 
Cj J-^-i 4_LcLa-^> j I ^juuu Laj^Ldl J-i^XJ ^jxuJj 

Sjl^^JLs a (J^i 4 aK11 La JSj iSjjjLs JS.1 J 

Cj Li I Li II 4_iljyyJI -LsjIjjJI dh5Laj Laj^Ld-1 5 JjI^JI 

jlc 4 jj) II CjLSjII <Jj)^ a 6j-y^-^JI JS.1 J 6jjdy.jll 
Jyj-uSl JjI £)_a 4_Sj_a 4_L2Jli ) syngas jl^iuj 
J^-i jL=dLa.l 4iaUj 

£)Sa ij .slag 4-La IS. 4, \L^ 4-ijjjJj SjLa £j-a-<-S 

turbine (CjLujj^jJI) OtiixJI jlSlcJI Ij_a ^1 jSJL^I 
JJjLuVI jrtlil 4_al jSJu-ul (jS-oj LaS .^Ly^SJI JjJ^jJ 
^jS-ojlS <2jjlSJI Lai . (JjjJjjlJI ^ ^jjl^JI Jj-»J-llj JJjLlJJj 
. ^ Li i 11 Cil ilac ^_S ^J^2L_UJ jlj-a ^Jl 4 _Lj_Sjj 4jL^Jlx_a 
4^LJI ^j-a J_i jJljJI 6jS-S CLijyC- <4 jlLoxJI 4jl^.LJI ^j-aj 

.oLUjlU 4 i \ \ I a \ 1 1 4 ^ IU_IJ 4 < <«a I \ a 4 4 _\ I . \ 

O I J_i JLojSVI J £_i-SllLi 6jS.Vl <jl3lJI 6J-A jL*_cu| 2>SJJ 

. V-t-^l JIa LcISjjI LalLJI jL*_cul LojlS <jA<jLn 

X a ^_S LajVJI CiL^-il y_iJ_aJ <j> i a< ty-U-u .L> JjAjj 

^LalSj SiJ-2 ^ JaJ)) :[4jljUjJI CiU^yL! Ll^ JJ2* 

£ i ^Jl CiLiLalll Jaj —ljJL^.1 CjLljl^jlLI 


Torches (N) 


^jSLal jl CiLiSil l^SLl!| £)-a <LaJSj Jsl LajiLJI 

4-cau-uJ.I Cj-L^.J <2009 1 £^-a ^_iL<_u cHi-3^ ((.aJ^jJI 

I Vi 11 J-oju ^jJI Waste Management <^^LaxJI 

4j> jjLi_a 5 SjVj j < InEnTec £_a 5SIj_S ^ oLLLJI ^ 

Laj^Ldl CjLlLqlC J-ij) A<Ti i ^JjlLI <£jjS-ij(jl ^_2 L&ySa 
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2UZ5>4jlS^I 

<^^11 .j> 

j^JjSJI jAku C^locul 

<j| J \ \ <<jl1LsJI Juii^l ^2 Lj CjI^Ls-jljI ^_a <Jj 3^I ^_l£. <lHI 5 ^Jl ^JjlI^jLII CIxLoj-uVI (£^3~* 

^ " " fi 

<Novacem <jjnlt j-U-J 1 ^\Vunlj . (Lu^jjS j->UJ,l) jjlrJJ c 3j_> l*i cu-q^VI jl^-A_L1 

<j(J_*j^JI JUii^l (js~xix\ \ ClxLoj-uVI ^Juun^S ^.J) \1 n \\>ll Jhn^l <JL*jJUlaI <jl1^ 1 ^ aC Jj ^JlII 

£jc. <jLi-V.i111 1 oliLs-jal (Jj-*- 1 *'l aIjlc ^.1 j^JL_uIj Llj<^IUI Calera j .& j\^Lul 

.CxLo-i-u^l ^-2 <jalLa £_jla-OlA 



Jj-OXJI (JA 

<j-° u^ ^LAlll ^^(CCD) CjIjlI^jJI jLi^jl cjI jiauol c-xju-- 
^Ij^l ^jAa * j-cjuLIjJ J^jJI t I ji. Ls .2006 ^Lc jIa J-<_aa_ll 

(3d^°^ 3 jj vi C^L^I o^- > ^ <^UiJIj jj-^ 

£ullj // Osmia lignaria ^jill ^ j 6jxt.^ ^_u j .^AjJI ^ 

l^laj (J^jJI <JL»jA CJA * 11 ^yA <jL» Ia'c < ( J-<-<jl3lJ I <J^U ^J" 0 50 SjLc tjL^U <jLLlJlA 

<J^-a LaLaj ^jl <^jL_u <L-<aj_2 Jjlaa £^jjl1I IJ-A ^jI^-aL* (JJ-ijlIj . <2* \ JaJ 

^^jLi jja <CCD *A*2I ^IaU 11 <Jj_u ^jJI ^UUI jlj, ajla<)I ^_c <J-<_<jl*_1I 

.<Jl£.Ijj (3^°^ ^ St '' Jl9^ 



a^JUl ^Ul J±uT)lr>-a 

Jjl^Jl <JlLL*_ 1I 6UI ol jl J-aI ^_a 

<Ju_aJ (s J_o_2^JlJ ^1 <Li£.|^jjJ| (J-aJLJ ^12 

. I I J_& ^j_A t 2 \ 2 A \ 11 ia.^JJ-l (>° J 

1_JI^ju_uLj JI <J»_aL^. ^_2 J>a£. 

Jl2-1 I <L)l1jl^J| <j_uJjl^J| jLaJlcI ^Jl 

JJ) a\*\ CjjAJil Jju-^L^-a ^jjljulLJI 

&Lxll ji ^-^La^I oj^ 5-1j)K^ 11 J-^.1 ^j-A 

^jU CjLulU dlJj-i ^La_«_uJIj <l^_2lj(jl ^_2 <^Jlll 

C5 J >* ij® a ' 1 *"''^ 

^ ** 

J2ai) (J-iJjtjLlI J^- <jl»Lx-^I 

(_JJ) \^.D (Jjlx-^L^-a ^_2 < A n 2\ *> tl 

^ ^1 <^t-A-SJI^ ^ Ixxt i // 

a>^ up u>^M' 

Jj 3 (5J-1I -Llj-sVI jl C j-A 

<-iII J^L_u 

Colony Collapse Disorder (^) 
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Otd-ILiiLjlj CjLiJ JjlSJI 

3>j £ Wt 


I.aI^ ^jLX) ^JLxJI *lluj HI ^iu <jLJV\.\VI 4 -alac j jJlu^JI 4jULj uLui^ 

i u <t II pLHslII cj^JI 4 ^Lluj 

.G> 


‘ j"* *“ 

j_£ 4__d J_j <ej_u<A3 4jua ku L-l^i 




^ |^iJ l ^ SjjU <—iIjI ^1 (j jjj 

jj) m-\ ^Jlj <<JLil jJI l^jLslU JLoJui_<_ul 

d^-oll £jJj 


4^.l^J £C_JU-OJ I_LH j\, 


till_(-UJ 11 L_ til ^11^ ' jrr \ I < \ ^_ J| 

i 3 <. <V\ ^ \Wt a <nj 111 jl_ ljjlc 

4jlxc| 11 LajlVia ^11 j < JjjLlVIj j-L^JI 

£ 

J^IslLc jVj ^1 JjS^M £-3 j ^_3 jjuu <1_djla 

j-C j/^ \C. I Jl dtJ f j\ I ^lKJIj 

. 4 I x\~\ ^ 11 11 Ij He VI jA \3 

lj ^.1 j _ A CeNSE gv jjj_ <Jal lj 

J 1 jJlC < j VI ^-JL^ <jlLl 1 I n Lcjjdll I 

4jl£, I < < i 1 1 ^ \ \ A-j j I j t" \ < 11 \ 1 H!P 4^^ • 1 1 

d* ^_ill 4_jLinJI j_ >^Ulj ^_11 

4^j jJa3 . I \^v ,£\ e l_(Jail jl X jljlx \ i <iV I 

\x\is~i \ \ Lt-oal j Ai ^ Vi Intel JjljI 

dlj <6jSjULa <JLuju^_a jl a uiw <il 


*L>e- 


O ^jj3_> 


. 6 J_> J-C <JL3LeH. 

dcHlI Jal_tlilll £-Jlo^. JjLLo ^_3j 

JeSLuall jl-3 < jl e a^>1 I I J-A 

^ 1c. I_I j o I ^jjj d nl_t <i^.lE 

J\ nljlVI 6J-& ^1 dill —kVI 

i_i V^ <I ^ ^I^a'1 \ 4 \\c. i^jELu _\ 1^^ 

1 ^ \\ £\"\ 4-21.jl ^1| <llllL t ^ JU^sl ( j-C 

.<_»_«_ulUI 4 \\ \ \ll (J-°l^-*dl (J_ ^j-C 

bj \X 4 V i <l 11 ^JJ - ^ HuH (^pdj 

2 JI ^.11 (jLs A —^Ij 


^j- 


^ \e^k ^jl LH ( I J-2k. SjJlH xcjl_(_al 

i 1 ^ IV, t—U-VJ I_^ % e^lll nl_ ojJjlII 

t " * 

pU.Hl ^jlj—3 ^-3 L^JlsLcoI -<-ulj 

The Omnipotence Machines (*) 
Hewlett-Packard (\) 
Central Nervous System for the Earth (Y) 
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4jaJ_2k I ^ill jjujljJI — 6^pl J-X-jj 4 3 eC. 

^ JZ 

.(JLo£.VI jaJLc Hj^IjVI 4*\ \ iTi 


^jl jaJ)) :<j^L_u .P> ^llijdl ^jlIIII 
Cr^J ^jll ^jS& ^j£- 6jHs I (Jill—ill 

J jj 4.h^k HI J_!l Jjlo jii \* \ ^,j _dl 

. jl—Ho iJH ^_3 J iti.,.1 ill jlX itn_ixiVI 

4_L^de 4_ulAi ijjJ 4«oj j I ^_3 d_tli V j 


6JJ_ 


lLLI hL 


O’ 


S-iteLx Jl oIpL^JI jl .JU^I.mV! 




li Ij^JI <l_£11oj I_oj < motes 


nEI \ \ 11 nLHlcuVI d A^Os ^ 1c. SjdLe 
d^ <HI- m^.1 1 6J-A j-e 6J_l^lil 


Hj_iidl ullcl 2009 ^1"^- ^$1 j-s 

0) (HP) JjHI_. - Cl . jI jaA 

4 \ II 4 Irt II _i_ull I ^ Cjj-Lia 

<CeNSE) ^Liu^jVI Sj-ZAS 

Jj)^ -n. e 6j_ol _uoIL^kl 

d-»L& JJ£. jxjJ ^-OjJ <!ll J) w n j i tiC 

jJ-iLjjJI d wli nl-LjjL^dl j-e 

(JXI^JJ I &J-^dJ li jjHju Vj 

^1—ca^l —3 pushpin jut-HI I 

j i 4lL^jJE jj I j_ Sjji j . IiHjS 

9- 0 

111 > *«—- 11 4^ VIVi I ^ \X £\~\. j-dl ULej)I X 1,1 

9 

IjjuJlj 11 j I L^lLiii j-e 6JJ& 4 e \ex II 

^Lxdl j—c. lnijj^e ^ 












































. (j£ J-ll 4_ij_»dl^ CjI JJjIi (JS (J^J 1 adi 16 1_A^dJ3 (J <-<al j_L> 

9- * 

CjUI-JL^JI (£^3 - 4 dlljjk J ((Jf\ -LUjjJ 

S^l^^-ll dA_m^k ,o> J 3 \ — <jlLl!jJ1 

CjLLl^-c jjjJ — e^ _<-^aJI ^ 4 »^lajJI ^ 

t <i_>^y\ \& _2k. j— 


4-lj) Sd-2k Ij <J;L2 <jl <CUA. 

J^L L 

d n „' <. 


-IS Jl 

*> 

d-° 4*^1 jlL £_o <^£dAJ cjl 

^33 WISPs oL^loU <J \Ji\ £ jlaill 
6 J_a d^A [3 - fJjSl 10 5 dAJ ^^Ae 

. l^jL^ ^jOLJlJ 4_sLi_uJsI 

dilil^-al d"° 1 JdC <0 Uui> 

dl_li^ L^_uiV^ <1 _jlL^jJI 4 _iijJI 

jje ^uL^k. ^Al <HP _uuJI jji 

jJ 4j| Lfti-OJ . d/^LoAJu_uVI d"° 

dAj JI ^Ae WISPs dA_t-saill diA aAj 

CjJ^f < ^yu ^ 9^ 11, j 4j J I.C. 4jJj V .Cl 

^ 1 111 Anil ^ 3 ^ ((cijLc^IaJI» 61 J-A 

e ^ J_t^ 2 sUJI ^ddlll ^ J-a (jC. 

JL ^A->t *^>1 I J_ j-aCJ Sjl_el 

^jlII didL IjL . ^L-a 4 jl£.LojJI 

4 lA J 6 jl C —l^_ll I Lcl 3LI caJ 

$ 

^1 ^-lc dl-lj (Jj -^ji-» V 

• &d J D- L ’ u ^ L*_a d^ Ij^lc JljL^ 

jIa _Jjju_u^L! 4 \ \ a 1 1 dA_ SjljlLlLII j 

jp 

4 2k jJ I J 2k 4* i_Aj J A_JdJI 

<JLlLcuL ^Ae <ojlc _i_u> c0 ^^ 

JUJI J. _& < I_3U-gka. 1 (j A J}_ JlJlLII 

I 6 jl- uLlLcuI — O— 

q 1 A^a\U (JLoJLJU-uI 1^ S J^>. ^\ 2 LJ>IjjJ-LlI 


O UlLo. 

ol3l 




^kjj WISPs 


>_u 4 ajj — _jLsl) lJI_ uii\x 

jlSVI 

< tijljL2k 


LojlS)) HP 


k J- 


J L 


ijVI Id^J 6jlallLI 


((. Jjlj I 4 I 0 HjuJu J ^, aTm dLLs 

oLojikll d-* >^>q :server farm oUa-SJ.! Ic.j^a (^) 

& ^ ' 

J jjLJ_l ^ylJI oLkl U-%^1 \ «"| >—<_!_>JJ_uLkJI 

6 Jjj-a Cx5& ^-° ^_tile ,J . 1 (j c\ <jV< J^kl j jd_o _1c. 

qLjlSJ.1 (J_0lC ‘LaC.IJ <aLi 1 r^l o(_aj-yfti 

dl i—> j —11 • 1 (j ll^*** Jl—^ <j— i_uL_uVl 

J jj-° *^>±—*** Cy> <J L*i>a di—^ 

• Cujljl <_o jd. 

c_jl»J1 <JV (_£jUdJI ^_ auVI : Nintendo Wii (y) 

(_j-1| —‘-^>) v_j13j^ jl ^<— 

,(<JVI 

Wireless Indentification and Sensing Platform (r) 

Gd^') 


,WISP) 


CjLjLjlj (J_ il^kH d)^_°i L 5 ^i ^ 

J O^kll £\J Lnlll ^jjj_uLLo ^_S 

CJ-° ‘3^^^ 

Cj 1 jl \ I ill 1 JJaJI <_ 2 ^A_o Jjul^ 

<jl^jU> 6 ^jL»ji 

4 O^klI 4 aj^j_uJI d^lsJI Sjljl ^jl 

dJ Li ^ 1 I (dJ i—- o^JaJs I 6 Ji (^J\ o> i 

._<_u-ll JjLdj djl_ s \ 1 _ COljI 

c_-j-d^d di» :<<JjjijLa> dLl j ^ —s j 

^ 4 j<i im^iji oVi .^ svi 

t ^u5k dJ^) I Cj Lo jIa! I dl L dik. I 

{\y-^ djAj. db-^j-ll 2 ^^—^ 

(( . Lo 

I 4 JI_ < - u j | s 3 djliLuJI 6 J-A ^ A^k ^jl 

^Jvlj . *_j ^Lj 4^ Ua 1 \ ^ 

( I J_> J_o HP 4 ^^___juuJI ^jju J 

. L& J- 2 kJ djdjlJo 0 | 4dLLi ^ lc J-OJlAJ 

^ic j_ojlajlj_u» :HP 4^j idJI q 

LoJ^J td^LUJl ^ I _LJJLO _Ju 

4-Jl _LJJLO-dlll 1 

J^LloJ ^ 2 kdjl^ 5 J^l ^ 

((. 4_jduLO 4_JJ LLuJ I f- LL& I ^_lc 

6^ c£>^ 

4_ilAC ^LlIcVLj 6 d^.l LK dj 1_ijLLuJI 

<(dlJLQ_i_U .J> ^jjuSsQ I I JAS .4^LLJI 

^jj [J^L^j JIjI d)- 0 ] 

4_>J_»jl^JI iiUsJlj (J-QJLJ dj Li_U_ 2 kJ>l 

1 X t l'i\t 11 j ) 9 ^jJlUI 4j^2uL^ L&Loxuj 


J 

■( M bL^l 
Lcl^jl — HP 

d-OJl _ <_OJ l s l j < ^jjjJLJ Ldl I 

^jJI 4 _»j_»j|^J| djt_2ik^_ll 5_SUaJI 

fi 9 ?■ 

k-iu jJlUI 4 M 1 < fi Cildjli LftjJx^Ti 

djld HD chip readers 3_ 


djV I^ 12 ^ 1 j . Server farms 

. l_^_Ldl^j Lo 4^2^. (J^^.Tt _o 

4jL2k.LJI J_i_UULJ < J^Ll_<_<jJI IdA 

t>] < 6 ^^—-I - D> Jl ^_1 a 

[cHjdl ^s-S <—a-oU. 

<La^-a 4_ll_t_ijLO ^]\ djldjJVI 6 j(jj-t-a)) 
jH^k^ < 4_> J Lt-sajd^ I 4Ji—<-U-l 1 

^_a < 4_>j s A^a dj_ <-(jljJ 4aKj ^JaljJI 

JaLd^Jlj 4^lkllj <jLu-oJI ^_II ^Ll-vj 

l_Sl9^jL» V ^-c^fLs <4 jij-»Ls_cj 4 U \ < ds {j Ac. 

(( . (—Y A i 1 ^k^ djl Ail^kll die 

O >2 

^/-i-^kLdl <Jjji^La .p> j 
£jj—o 1 — i [HP 4^j—tlJI ^—a 

j_>V <4 aAI^ el 3 _atvj ^ _il CeNSE 

. LjjjSj 4jLjl^k ^ djd_U_ 2 k-ll dxi^A d) ' d>° 
die j ^1 <_j E_(_xj*^I d .^.1 j I d _&^ 

6 u.VjL^k j 4_^dd p- ^ ^Jl HP 4^^-dlll 

‘*(^2 -td S 1 11 s^y II J jL> 

— ^jXLJLlLdil ^ I ^_j) L^JlS L JJJ J 

dId^*^I ^9 4-»I 3 SjI^j) aAII 
4-L-oL-U dh° *^dJ — dllj j 2 LeJ 
6 j_a (^d^.i l^-Lo ^oi. jj^i dh° 
<(Jdij U> i^k^L>j . 4 q In 11 djl_^i^AI 

6JdAlo Sd- 2 klj Sldl ^—le d^SjlJI d^ 
d-d- 1 d)l _ *Aj dh° 

4iI ^ie < 6 d^.lj <JS 4AKII ^-ckLk^ d'J 
6 de d^^d ^ id^JLi 4^j-dlU £c_o_j_u_> dd 
. I ^ A << Vi djl An^klLj Ia-o d)l (^ 5 -^ 

(j-® ^jl 

I <_o2lLI j LlL^ ^^j < ^_c a > \ d_l I 

< < I^k II ^3^ . 4 l AH l A n ^k 11 d^L^ll 

^-julL <chip a \ \ < n d o x A jL^kll 

( 4 ^JlO i^_lA_<-£25 4 jlL^. I J 4 I a 4^ J 

<42LJ_dll) ^ld^-1 4_idJ ^Jl 4 ji _(_ojJE 

’** i 

1 ■*■ << 111 dJ*^ d-U J"I^I 1 1 ^ 1 

4dldjJI 4d J ^ le &j)-& 1000 J_»dA 4^d-» 

■ (,) c ^5 ^Lilk» 34 ^. yj 
6d-A (jxi^e HP 4^) A Til I jj__Loaj 
4 _ajj_ uu d- 31 ^ 3 jldi-ol ^_le ^jj-uuEdll 


(2010) 12/11 


70 




































































( js lcv i 

4-u^ ujL^ 3-j1 j1 ^-Lc Jjli nil ch^j-uL^, 3 I 

^’b^VL-ojVI 4-cuij j-^VI V I jL^Ji .4^ 


jp ^ 

LaJIAa <ja 3j£jIj ^IjJlAJI (jA 6|j_a_uj <jSj_u> jli Hj-A 
.^jlJLlI JC*_!1 ^A Qj\uii jl aaAII lj_A ^A bJLJL~s. 

^kC*-» 1 A \\ A \ A nb-lVl <KaIlU j] L^ljl^ 4^J-UU C$J^3 

f-buJI ja Vjjl2 . j-ljj L-J1 d^sJl dUj <La-olJla 

JjAu < l^ jJuCla L-uL-ul b&jbji£.b £J-^JJ ill Ciljl^ol ^_b 
$ ' * $ 
a.*\ \ 1 1 t**J \ "N. r \ ,jjj <<Lx^liJI 1 Q i V 1 < n \ | *. \ t\ i s~s \ K A-Qj^. 

^jAl <£_sljJI I J_A jjuJlLI iJjU^c ^_2j . j^-uaJI <lLl&j ja L^jlS 

^lill ja Kui> 25 ^LuL LJU. S \jlS j-Lj 5 £jlL 

CjV-^C- CjI j ill J-&J < (T) (PR2) 4 1u2l^j-uJ| Q VLujj V1 ja 
jlj <<LcojCa j£, bjbj^ IjL^ J jl 1 $ Vn a J <£/X.ljJj 
C> j-^ *bL>l ub vb/^ 

I 1J xnC jSJj < Cj L-ou-uji IJ CiJJuJI (J^klj CjVI-caajVI dlb 

i *' ~ * ' > 

<U-£j 2 C^-lj (Jil ^Luu-ajJ <<JL^.jLk dlOwJ CiL^. jJJ (JaIju-U 

CviCj lj| <<j!£jJl&> J^Li La^ . bfcjjjbj ^A ^Ifl-^Vl 

^AjlL V Twitter jail ^Jb_Auj jjiLcA 6l,KuiJ 

f-Lujj| O <Mb dbj)) Jj ‘^Jjl jA C—JJ_CuU. f- 1 I n > I t f, . \ \ 1 1 i * I \ 1 

((.4jl 9 Jlia. j-A Lo 


.G> 

JjP'vll J-LlJI A A \JAC- JjLujj CjVLcojVI ^1 CuIjJI ( ^A jb-<^ 

Cjj-i-JI CjLujJ <Cj 1 \2xtrunll (2A^I^>^-l-lj (^jIjjlLI ^ 

a IS~U CjVL-ojVIj .^JjLjlo jL^_uj isLbj ^jIl. Cjb-Odij^JI 
<^.jjJI .T»w^lL> (jAJ*- 0 J-a£- J \Tnl ilL^. 
i_2_SjJI ^lc Sjjl2 CjVLcojI — ^il^i.^1 6JJJLXO oVI e-Lu ^Jl 

y 

. (jSliL J-OJlJlj <LujUl3lII ^_2ji.J cJjliLl^ SjJJLUi CjIjlU 

^ ** 

I^jI J J-2 i. ^A Ci *<m! jLi\ £\Ay 1 o^b-aj^fl J^l 

** tfi 

j-JjlsJI jl (JHA~S.11 Cjlj)\x nil ^_2 1 ^ \ a ^Arkj Lo^)) ;iLs J_2^ 6 j^2 

** fj 

<((<j UUJ j\ HIAS (^J_A j-b- (^L-sII La (JjLsu Jj3 6jJl^.VI 

O^b-uJ^fl ^C-aIjjjJ A£- Lcu l I 1 jJd-ll^ <j^jJlJ .E> Jji, Iau^ 

. [ j-!L^ jj)^ \ \\ i a ^A ^juJuLlII A\ts*i^ 1 7i 11 

^jl^. t JLa£.^I JjVu j| (^Jl <1 a ^_2 jJ_kGJI JjJLjj 

il b_aj I J-JiLlJu-oj (^^-Ij • So b l^-A I lbl i (1 ^ \ A ^iauu-ojJ I 

L^JLa^j ^1 obbuJI ^\* a dJljjl ^Jl <^Ijla jjjlb 

(3^1 JjJI { ijjjjJ oL^X-uLa (jA — icjJULA CjLiiSA 

ijjjuj < Jj-t-odl { II jC (C,^.n jjj is^"\ CiVlj tA 1 a"i11 

( j_aj .dilj jJlCj <j^jLil| j-b- j-^lJl2jJ iojibll S^ilb j_jb-<£i^l 


Ou-lLxulj CjLujjaSJI 


* £ 

^L$-a pI jV ^bll lJlU^JI Lr l^ yUjju ol jjI ^iuAIi jiiicJI ^<4^i jw\^VU,l Ju ji-UI ^ 

<(jjA .G> 


jb^bb j\ xb>~s xV>l LoC jc_jlaj C2 — <j^i!l c jj|j^JI 6j^.| 

.^Jsulujj C)bjbs-A bj-^yj j| j\2b~s .a jub_uJj 
(^ X^UI jjaII obuL*_<_uJ (JjlS <5jJVI <La^jjJI Culb SaI 
Celjill (jA jib2 V <LajLs jaxA <L^-ajjJI 

<lj^. x 2 j5La J-a£. ^Jl C^bu^l A u a A a ijlcj j-Aj <i»jJLill 


.(^jJj clh® ‘ 


The Do-Anything Robot (*) 
Pocket Translator (**) 
ij-Aj robot 3 JL<-uaI (\) 
Personal Robot 2 (Y) 
. LS ijLkJI j\ realtime (X) 


3^-11 dlls AJjj 1 Sj-cXj O 2 aT.^ L-Uji ^LA 

JjuklJ jJjl £” JJ-AJ jC <ijJVl ij^S-UI <La^.jJlU 6 j^-CA.1 

jjj 1 KV2 | <jLUb iajb\ A (J-A^. ^C-A-LAjL> j^J -11 (_2jL^JI 

< jn^a lb jn^a.llj <(4jlaLjl!I) <jl\.~J,1 ijujsJb jajb\ a (^j^-I 
Ci a am 1 iilsill 6CA jl ^_AJ . LljjIj (r] J >^ m ^^11 LT^ ‘bJ^J 

VI < 6 j^Ia 1 I ^Jl iAjliJI dbl~s.j ^_S l^JL aAjlla.iV LaLaj 6 j-^L^. 

<Ui\ <La^jjJI CibuCj ^A (J-a-asL^JI ^cibl J-a-a^Cjj — l^i 

^A <^Jb*II 6 jAA jbjjl j <iijJI ijJlc O J-^ 3 CjIj^ ^ a jj^b j 
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Cj j3 1 I l^uVL^ j^A (jjii 4_JLiJI 4 jIAjl1I 
— O L^JJsu-sSlI I j CdljLuiJI 6J,1 -vq 4jlCj-<-A^o CdVL^-a ^Ac. 
<<Ju-aJj-Lll \K\V1 £ya 4_JJ^. ^LuSj) 6j-kLu 4-Ol^jJ^ 

4-j-^LA. 4 \ kiLkj I pLajAxa £_a^. ^Ac Jj. 1 ^ 2.1C Li_u_a ^ I 
<JA^La> .^jl jjAI jIj-sI a-° 4-ulAJI jju_aJLi 

J||A% J-3LJ Sj^jAl <4j^V-$dU_uVI CJ LsJUlLuJ I I ^j| 

^jljAsjlS ‘4uL Ala ^Ac 2 J_A_a ^jjiLcu <^jVI (j-° olj) 

< (i t \ 0 \ i 0 \1 A ^ 1 fV < L^.Llujl1 Iu ^LsAsLJLO < 1 /n 4 

a. V-xju.qV I ^Ac. L-oj jjAa ^A I Jj^j-a LuaAuIi 

<<j3-A^AV L» j^Ia ^ 1^-q a^^"° (j-° oLaL^gVI 

J. x^iC ^A ^J-^I A^ Alud^JI VjLuu ^J-I JLsJI 4 _XjljlLu I a ^ V\ I 
(j) 42 IAjl 1I &J_A A"° jiVn \ V 4j| is~i)) i^uLuj .4,*Afl.\l 


((.4u ^ulu V 1 41 A L^ul ^jlC <4-dlu_a Aj)<~ 


jc-al^jJlA <^jjJI Lai . 4AjJI A-° 4 jl 3^ 4r^.jJ Lf^ 6^ fJj 
IBM J BBN oUlA2 :o£jJJI l«2^L ^1 - Lb) j\\ 
CjLvj^I Cj j-Cjj-iVjLa <Jl^j ^cL_«jLa jlla| ^_3 I_Aj_i£.j j~n. x^ij 
^Jl uia II <L^.L^ A-° (j/^lViH 4_a jAlill 4 jlcLsjJI 

*> y 

^Axlll CJ LuAj ^Ac dilj (J-O Vjd J-OJlXJ — j_ujU 

^yCaJ) A^a\l CL)L)Lu 2_lclA ^j_o lAVAaul O Ln^-a^jJ I (J-OJLJlS . ^JVI 

<(J\jLL1jl^-0 ^J^JJlL ((^V-tJjJlj ^Jj-^-11 4-»ljj)) :^IAo — <LlAla 

J " ' * 

^j-O 4JjL a na JlLijj <<Lo^.^jAI 6-i^lll ^-aVI 4 jUlA t— 

^ ^ £ 

^j-o 4 -ojI^jlo ijJu-^3 V o^k J CjLlojjI^AJLs . (wJj-ll 

Aajjj 4-ul ^ALoj p-IjlA CjLl^-o^jJI I ^ IaJUlcujj <jjL-oAI 
.4ju^£. L^A oV_> lA.ru 4-> j \ K \ I ALo-^. 

31 [BBN 4^j_lL r-LoAc <J>^Lo j> JjAjj 



^ Jm j J* ^ i^Aj q\ U^j^\ 


.L^jifc Jjj ^111 jttVI ija j' K 11 J<K-UI juat-Uj i.^au i_jLlcuI SoaxU L ya\ 

< jh j .M> 


^_Ls :dilj ( 3 -^ Vila ^.1_<-oAJI jA-Lll LT^ ^ C Ac ^ 11a.< oLAAI tuAlj 


IjLlkl pI _alxJI jJLI 2010/1 ^_ 


4jlAtu <jl^.jJjjljJ| CjLo _txiljJI ^ Ic. J-OJJLJ 

4ju-uAjJI pluljl^ a.AVI ^j_a ^.L-^aII jnu 
jLl^VI Ij_a ^.j)^\xnj . 

(r) J-d^iJL oj-luXI yJaJI ^-a 

4AljLl^l ^_S Jnm \ j_Aj <(((3L<_uj I)) 4 juJ-o 
( jOUj I (j-a li SjJloAI CjLa<-oJI ^1 

. ^.jJI CildLUJjJ (jA 

CjLa_»_ul j ( j>^ , LAI _ 1 nV\ \ j 

SjJklA Cj I j fjj _^2 I J-ojl^u 4jui» jJjju 

\ ^ _a-uiAl Ij_A ^_S 

pU^VI _AjVI t_^V1 cjLulc 

CjLjH -cu-a ^j-a 3j3-I- 

^JijAa-Ol^u ^jlII 4jl^.jJ^juJI CjL a_<_uljJI 

Know if Disease Grows Inside You (*) 
coronary bypass (^ 
prostate-specific antigen (y) 
Rules-Based Medicine (r) 


CjLa-UjI^J l ^jljj\ JLa^VI 

I JL pLLVI J_aL t biomarkers 

^jxuJj _aVI cAl_UJJI^I ^j-° Lu^jS 


jlAuV 


^ u V Je 


arvA I J_A 


till o-3j.ll ^A ^jlAJI ( jA»jAI 
• <Jl^I jl 4-a^jVAI oUl^VI 

j_a | 4_i^.jJj) \ AI CL)La_<_ul jJIj 

^LAaVlj 1986 ji.1_C J_laA . J_>J-~JL> 


^4j JjlAI ^jAalj_aVI ) ^Ljuu_ojLs 

^jJI (j-^lj_<^VI V_sAs IJAC ^jl_S 

< Vu_a_S . 4 _lsL2u 4_)jJ I L$J AL«-AVI git 
uJJr^ '■tJaVI (jl (>o ^^1 (j—k. 

OljLskA 4 jl^.Ij^. <1_AaC- 250 000 _a 

(-AAJI ^jAsI j-ai ^lA <^l_c 


^4jijAI^ 42LL_ujj_JI _i-u Aj J 

CjIujuji^j J^.1 ^j)2Ana ^jjjLA A^ 

Mil, I ^_ujL cAjJtU _II _II 

a1 VI A Y) (PSA) 4jLL-uj c ^111 


Aui-^lj ^Jl Au_ 

t ^ xV><[ I 4 jl^.jJJ djJI CjLo _<_ul ^Jl A-° AA-^ 

^iA^-aVI ^-\ a A^ <A^)jl \ —tl 

4X.J) a ^ a 6 jAat a CjIjjAj ^Ac. (J axjuul! 

.4u^^J^jlJ1 CjLo-ujI^JI A-° 


•^VJiVI JjIAJI JIJ2V 

r-A-ulll 4->J)a ^jAsI j_aVI ^>dSlj 

CdIAjVI (Jjial J-AG ^dJI (j-Alj _ Wl ^J- A 

JjAjlI 4juL^jl 1I 4 Gill • j^lauu ^A-^. 

4jJ jLuJI 4 \\ a^H oV-clAlJI a _° 2j-i-ic 

jAajJI I J-A A' VI . J-ca^JI jAl J SjAjlII 
. L^-aluIcI ciru <bjLuj 4 _a-^jA I tJ\ 0 JAaj 
J*' oljL^VI oV-clAlJI 6J_a a I r LaAxJI (-Au—uG^I jAs 


|Al_AuAI J\,A \ Cj la ts\ \ AIjjA 2 A* II 


<juuA^-!I CjIjLujVI JjA^GjlS . a 1 1 11 
CjIjlujjj —3 CL)IjAlj ^—Aj GJ—Axil 

4_ijjjJI ^jAal_a_^.VI uj _3Lua2 a_ ki~n.1I 
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2) Ls <* y < * 11 ^ | i. x 1 11^ 4-culo Ld I ^jjuj 

4. \ X-Aj-C ^_J jJ _<-U £-JLO^JI 

J-^L-J1 JA-Sj-H ^-2 dj-*d Vj <6AA_ XjLc 

(JL) Loj Ia-A £_a J-oLxjlj c ^jlS 

cjLo culjJI ^i ^ji g- LoJaJI ^Jc. 

4jlAlA^. ds^Lc l^J ^JlII ^_A <JL2^jJJ) \ J1 

La\c <1_ \x 4-o^_c d_ IjlS _tU 

CaIjJiC ^jAju^X* ^aJI ji.A-11 ^jJ-cljuLi 
^-Llj Jj 2 dljl oLudj|jJI CjWI 

.SaIIxII dU-x^l 6 j u’iC 

-U \_ujluj JJ Kj .Till (jJsJU Ci-aLi AAj 


AA3 . LlK ^A_II 1_JUL^kJ ^Jjla (jL. iK_Jill 

jjj_ ujlL Lab Corp <Kj_Ju o-^Li 


^_lc A-QJJU 4 jl^^Jjjljl1 I CjLo _(_ul jJJ jLlLJ 


( j £. ll-VJ jl^jJI ^2 4jdjJ^JI L^LJI J_!lU»J 
4jL-oVI Jl jjlAuj Jill 4 jlj l ^ x\ \*N 11 CjVjjuJI 

oJj] B> d^J -oA^ 


Exact 4 IL 3 JI _UJI ££j_ <1 J ^LLVI 

Biophysical Corporation p) 


4^jJjjJI Q Lt\-(.(- 1 1J 1 J^i* J(JJ_j 

<5l5\_ <JjlLc Jill_ <_<j » : J^ij <^j(jjijlj.Ch> 

Jill _caJI SAjUI (j£J-O ^-2 ^LlLs 

a4 \jj,\ \11 oLo_djl 6A-A Lg_> A s pd 

^y^s^jLu 5000 CcLcu-L 4 -cjjI j J JAA-^.j Lo£ 

4_juUI <1_ucojJI 4_L^-o ^_2 Cjj _dalj 

^j-c 1 \ a jj 2)1 <2009/7 ^-dJI ^_s 4, a^-oI 
jd ujJaII 4_i^Jjjdl olo-culjJI 

<JP>« cP cU^' 

<JjLjl1I j _kdl J_ol^C aJ_Id! 

jl ^.jl^.j- 11 —o <Vtll 

. l_A I J2 1\ \ I <xnlI 

^j-c 6j—^Ji ljj L '—sl— 

^jLs_i J_i 5> <tiII ^j| CjI_>J)« a^II 

<jjJI ^ <d-° jl CS—dsj-o 

i d.*\ d^.1 jv la ' Vj . uJd I (jJsjjzj 
J-OCi-C ^ <j! -3Llll ( j^|j_C^U 

> ^ ^ I < ^2» LIj Lp cj Lo_<_u 1 ^JJ Lo 

^jAl j-o^l jj _LaJ jcjIjlIII j X3UI_ uj 

( j_Llj LoJjlC)) :<jJd_cu> .^J^.^1 


<_»d£.li I_ ojlS qL\ \a II 6d_A 2h° ' ^ \lc. 

cPJ -LS——d 2 x3—^ 

I ^ And (J-osJI 

^IjJI Jdi LlCI _^xpLxj 2)-^ 

l^|^ <(jS^\ (SJ^ 11 1 ^ 

lS—^ Jjj—^ f-d 

2)i^-oL> — Ju-ol jl- j_uL* I-Aj(j^Ja 

I ^d I 6 Jl A 6 JI 2 \ t, 1 1*21 £-1 r> 13t 11 

^-t-ij-ll ic^j _1 La jl4rs.V ^llJI 

I^Ij ilLsdL <i_*L-^VI _tiu ^_a 

J^ld. 2 p 2>^pfj . ^&jrA£. 

6d i^aJI 5_LjL djl^ld cjLjujlJJ ^ a 

2p La jdi oLlp Jj 1 

Jddj b L w ^ ' ^1^*1 

^1 d opd' u-° ^j— 

.<b <_>L^U 


<Ajl2_ 


cJLLac 


vis j-coJI ^-C-U AC I jdlL Aj _(-all i_\LJ 1 


^ A J < ( ) 4—uLJjdiJI 4—LO>jJ ^jlJI 

^Li!L JA_oi2 6d->dc. Cjld^)-Jo 2h° Ad^.1 ^ 


CjLou-uI^ l_L 


<_oLxJ 



^lll 4 jl^jJjjuJI oLo-aul jJI 2)-° 250 2p 

O V UJ I jl2; lU^-cJ U J La^V I I ^ \ a Vi \ 

2 >-o Lajjlc.j aJ-dl ^j-ilj-oi j I JjL^iWI 

j->dll] <jJd_(ij .M> J^Ajj .^j^lj-c^fl 

\ \\ L^jJI <jl^.j J ^jJ I ^ \ t h, w 1 1 

Cjljlil^.*21 6J <jl2jlaJI < ojlaII 2)1 

jl <j-o^l a _LjUl <jaIj-II ^ _s 2)_ 

(SJ^H o' <S' o£i — 


La^l 



LS~^ ->P“ 


. LLj-(. ( .J I 2 p L» 41 ^w^qj 

A^-C 2 )! (^-U ^I^jlJI J—Ad V 

• ^—Jj ipdI CjLo cul^JI 

* II Jd_call Jjl_(JLuu-aVli 


cm 


6 JcPP3 ^d_ 


^aJI <2006 ^Lc. JjL^j 


ill 4^1 o11j 4_uVajuoJI 
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JjAjj . cjVjjlLII ^j2sl j_aVI ((.^jJI jLu ^jJI t$JL<a J i<~i\ Lo <jl^jJjjuJ| cjI^IaLU <Kj-<-L ^Jfcj < Sciences 

<JjJ^ \ 11 < LlLqJl 1 1 ^jl )) !dlJj ^A ^ I ^ I* H ^)Ia ‘^LcajAj CjAJ- 11 ^Aj J* ^U~ \ , ~ 1 C < 1 »«i_gj j — ) ^j J aajL i jl ^ ^ Q 

Jr* V f 1i * n L5^ LX S ^^\ Un ^-*1 L>° jl^jJI ^j|)) :[jl n~\.VI IjJb 

l '»V'n"l L$-i1 VI <<1^-UJ tL_>k Lajlj IjJ (_y-*J <<J J)» Jj^^l <K-jj.1 J^y ,j^ <Qli eiljj <( j_j__!^il| <jUaj £_o 

« 0^^* l> '-S U = J - 1 ^ i^' ^yk I jA& JjJP SjjUl oll;>JI 604 



^ AjL ib ,^-lt ( Jlj jJI^ jJf) jli4 -lLu CjI jjiu : Jj jJ jj 

.^blj^VI CjLjjj JjuAi JS 


j-A jj ^1 VI <Cj L_ujjJla! I L-oj I 6Lfi I jjJJlLJ I J-o^j 

(j\-* <aIajj <jLj> ^ o ^y Jj 3J .<bja is~> Jj^l l-Aj-Acu JsLojI 

1 *1403 ^1 oljl \ \ II (j\-l J 4jl3LJU-oJI jLoaVL jJJ-A-OdL!l 

lJJjJIjL! ^j-jijVI £t_Lu_u SjIjj^JI <L^jJ Jj^- jLoaVI 

A a Tn ^jJI jLull j <j,jjlLJI <L*jlIj ^j_!l ^L<-ail 

6J-A dilj ylSLJ <JLij_<_uL^JI ^jLajJI -LlJjJJ .oL cujjJla!I 

.^jL-ujVI Sic. I^jJajVI jLJjlIjIj <AjuJI J-cl jaJ) 

l $ X \ o ^y Jj^ ^y II 6J-A jLju-u| ^ ^ » \ jJa SJ 

Jj^- 3^^! o[ < j^j > Jj^j -oIjIaLI yU-^lj-c 

^LoaVLj jJJ-X^jLII ^-1^- I jl -OJlcI jJ) \i^>ll IjJjJajJ ^LujUljI 

(A ^.U\ll jKui \ <_x-^LkJI Jjl^UiJI <AjJ»-c (^.i 1^ s 4jl3Uu-oJ) 

<jlj^jL) CjL*_OJL^JsI (JS*iX \ ^.La (£±A i JH1I Jjuu-U ^-Lc 1 ^ JLOJ 

^ \\~T\ i im» :<jLij> JjAJ j . J^-l dlV *i>l J i/'i'h \ JauJI 

^j^-lj <6j a nil <JlsIj-LIj ^LaJI <JL*_1a-oJI jLoaVL) J a^jJI 

^jIa I jJ <<jJL 5 jloA| ^J^.1 <jl^.Ij ^J-ll 4 jaIj-oJJ 

J_A lj_Aj < Ls-C (j-»J-^VI (jjj-A ^-OJxJLs JjLAJJ J^JI 

((.^AjubJI ^J^yjJI 

Satellites Diagnose Disease Outbreaks (*) 


cjlsJ 


(jj| >( j|)2LtjiWt jUflVt 

LjLuZild 4 


pL^aiJI Sj-aIL-uXI oULuJI j^Lxu 

4.1 uU,I j-^VI jlxirul l-xSjlj 

^jjajLb .K> 


^Jl£. 1 A <l II ^ <J JJt-ll ^j^|^_oVI J a?M i 1 

6J_A dl^^yJUJ i^^JJLjJlj J(JJlLJI Jjlo Jilj^JI ^jA> J 

J^j .^ILa-cVI (JIslAj 6^)Ijj^JI <-2y^jJ CjI^jJlj £_a Jal^jJI 

^jJI CjIjLulII I J ~s.~\ aajL IjjJjj dilj (JJJl^-LJI dl^pJl 

^jJ| <1 \\ \ \ 1| (Jl^^.VI J a^>jJ A \x\ a^>1I ^jLoaVI La^jAjj 
T> JL^ ■Aa* -O^b-oVI 6jAi. ^1 c^JjJ 
l_aJj>o J-^J AjV^Ij-^ c Cx-oL^. J^_o] 

^_AlJI JyUV ^ J-AlUJ ^J-A^ijII Ij-A Jj^ ^ 

: ZjjjlI!4 /^-j)) 2009/9 

^Jl ^ jjj ^1 Jlj^.VL j/rOI 1 \V\ ^ ^ < LJLjlo» 

^-JL^yJ L^V-il jl l^jJj^JI ^j-O AJ^JI C-)j, \ aViIaJI (ilijJ^. 

((. J(JJlLJ I IJ^jJaj I 

<jLXJLA-aJ I jLoaVI 1^-0JAj ^JJI CjIjLjuJI ^A^Ju_uJ 
I^JjJajI ^jxiJ^JA ^.iJAj tAjJ -U>jl^-2y. i. j \J}\ LlLsA 
j-aIaII t (^J-ll 2>9-l^l XsjlJIa . Lu-uj ^A H5NI Jj \-Ull 

jXJ&l yl^.1 J_A Lu-ul ^Jjj_2y. ^A JjJI (JjA^. ^A 

jjJj acLojloJ <jl-jj .X> ^j2b2L_ul j^j .^x,^i.l Jiljj 

^jlII jj) a^>II |^Lcj_aV^jI ^a aA^II (JjlL^jJI 

<Li£.IjjJI -ULojV-J isalj^. <jl3lL-oJI jLoaVI L^-Xu 

^jLII <jlVqVI -LajljjkJI 6J-A Cl ^y A Aj 1 J^j iA skill ^A 
t—■11 it t 4 j5LqVI cj-°j < t^ ^ j<i ^ ^ ^ji IsulLI (^.iU s 

• IjPjJajV 
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l_ <i-i ^ d ^ 




.M> 


j^j ‘3l*^ 6ej^ L5-^ ^ (id^ 3 o^ 

Jlo L*_o 31 31 ^ 31 < gLlaL_u 1 I o^LclVi 11 3 ^-°-^ . 33 ^ 1 3Mj-*j 

6j-o ,J£ dLlj i.^K \» iij .^J^l jjl Vb » .1 oj <_>jjl 2>. Cbl J1 6jJb 

,J_<-^j ^^JlII ^jll SjjLkll 4-ULiiU-ll j|jlL <jjLLa <b^ij_o| CjIjVjJ A m< q-% 

. L^j^i IjVjj 3 ^ ihA Lfl-IVK.** 


dJUjJLU CjI 

3c Lx^UI CjLlSjJI 3-° %35 ^11 (J-<-^J Lo ^IajI ^jl^laJI ^jlIaL! 3^oj 
I jl dLljj <iA>l ^ <tn < nil ^Jl L^_> 3^^ <<^il 1 (J <<^1 ^ 31 JjlS 

L5^ J-^' Is^i -f^ 6^^ o^-jb cU^ Lb^ 6^ 

^LudL^JI J^l^Jl ^_i_ul <LlLc jlLl ^jjlxj ^jjj-<-a.Q-> jj^L»jJLO <JboL^ 
^jJI jJlL^Ja <J^_OlJ LaLlJ-sSI ^jl_0 jl^JLil <LlS ^lJiJ 


C-JjGJlII 


_> 3h°-^^ 




SIjI 


o% 


Ji. 


*UI 


Lfr i^La > t L_>^Al 3_cl^ 3^_<Ju_i 3"° J) i < ^ o 


<Ajl3J CjI^^ jl <AjJI 3-0 6S^laA j3-ju_oL» JtiN-11 


c/-°d>H (s S' ‘ bA>l 


3^=L^ ^1 ^jJI 3u>^ 1^ 

. \ ^ 1 1 1 -n. \ \ d a nj <1^ 1 /-\ ^ 1 


jj^jJI Ub 

<_»jj^L! <ju_u_!uijJI a. 11*> l^J 1 ol j^lUI 3-° j-^J1 
<3Jj £_oj 3^C^b lM <L^Jl_»_o ^a ^ j~>G t <"\ 

3-0 JA*JI <Li-oljJI 3IJJI 3 -° (J ^ J(AC t.lll'Lo. a V 

. J.ib-11 J < ^I^)J dal Jj«-ll ^ I 3r\_»jjll ^ Lola 11 

Oljjl 


>>, \ \, \*n. 11 !_2j3, \ vC J 1 61J-& Llj .(^^aJJI ^j<^i o^*w 3)^° id-* Jj-^LlI 3-0 

3 U t L^l^o (J^jij ^-sJl 3 -° ^ajullLJI SjJUJ/ ijj <ix II lziIjij^II ^ 31 ^ 
^_lc «l^LLo 3j<^ ■ "j) cji^L^-jlI LJL^. ^ r a^" <l-JL*I1 &j_a 

.SLl^JI <LLiLa 3ll^^l ^Jaj Lg.i<LlJ (6J^.1 j 6j-o ^-LlJLJ A k 3^ ‘" 1 


Lj-lIS^lII ^ jLuxil 

streptococcusmutans SjsUaJf <Lj JixJI atjjSXt ol j.iTs.a un,n 

CjL>j^ I nil 3-0^ L>- 3Ll^uVl ^aJl 6 Jj^-j11 

ca-oLs _Ls j .^Llill (J^G ^-lc (J-ojlj 3a_U1 ^A-o.^ 

Jj) 11 <Ul1jl^J1 a < nj*^ II ^1 j3JL_uL ijjij^jla ^a oragenics 

A In < A <U-o^ CjL>j^ « nil J 32 G ol^-lCJl 6 J-& 3-0 6 JuJl^v <-ajj 


trauma (^) 
Trauma Solutions (r) 
Diagnostics For All (r) 




Energy ai>Us 

The Borrower’s Guide to Financing Solar Energy Systems: A Federal Overview. Department of Energy, 
National Renewable Energy Laboratory, http://tinyurl.com/borrowedsolar 

TRANSPORTATION Jib 

Plug-In America: www.pluginamerica.org 

ENVIRONMENT 

The Marine Conservation Biology Institute: www.mcbi.org 


ELECTRONICS AND ROBOTICS ollJlA^ oLb$Ji£JI 

Building a Sensor-Rich World. Special issue of IEEE Pervasive Computing, Vol. 6, No. 2; April-June 2007. 

HEALTH AND MEDICINE 

Cancer Biomarkers—An Invitation to the Table. William S. Dalton and Stephen H. Friend in Science, Vol. 
312, pages 1165-1168; May 26, 2006. 


Scientific American, December 2009 
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j t-^ «UI j < " 

j^G- oS*3* ls* -^'-^ 

JjjjuJ jjaLU <LL»IA Ma. ,j1 Vi< im j 

. LuL^. ^ki'i II L^xsja 


djl jlouMJ £-^.lj-3 


Wireless Capsule Endoscopy: 

From Diagnostic Devices to 
Multipurpose Robotic Systems. 

Andrea Moglia, Arianna Menciassi, 
Marc Oliver Schurr and Paolo Dario in 
Biomedical Microdevices, Vol. 9, No. 2, 
pages 235-243; December 12,2006. 

Wireless Therapeutic Endoscopic 
Capsule: In Vivo Experiment. 

P. Valdastri et al. in Endoscopy2008, 
Vol. 40, No. 12, pages 979-982; 
December 2008. 

Wireless Reconfigurable Modules 
for Robotic Endoluminal Surgery. 
Kanako Harada, Ekawahyu Susilo, 
Arianna Menciassi and Paolo Dario 
in Proceedings of the 2009 IEEE Inter¬ 
national Conference on Robotics and 
Automation. Kobe, Japan, May 2009. 


Scientific American, August 2010 


J L>^ ^ (jAta s 1 \ 

9 

-4-41 J . ±XJ jjl! L 4 A —1>j5S L$J 

^ & y 9 * 

4a o^ll CjVI _(_4ijVI clLlS ^.Alli_ uju (jl 

j\ -2k^| I- A. 

9 

» »•>' ! jrjA. 6-° c->?■ 3—<_^i 

6^-1 2y& bjj5 u ,1 _UJJ LgAJLCJ 

Lo_» Uj i 1 i5 j I ^jucujlLsuJlII IjjJI (J *5 Go 6 ALc I 


oVj ^ 




H- 


(J 1 \ t nil 


1 ^ \ A A. -v. -s. ( 4 A < 1 \ Ij ) I ** ^ i , i 1 \ 4 . \ Ij 

<l!^Ja olj^-lj liwiin CiljAI LflJj <^jlojul1 —uu 2 

fi y9 

Jjjj AA3 <Cj1_^.LljoG^I 1_$-L»AjG 2> < ^- Cii 

<Jj-cttiN (J_a^G AAj ( Sjjlc 15o j!l5 I j I <Jj-141)5% 

l^-ii fGL^G-ll iCjIjjI 1— L5 -l^ <£>^.1 

. I 5% 1 A 4 iV I /? * * 


^A <jJI_i_4joV 1 Cil_A.~G AAj 

(7) £._(-41 J I Cj Lo 1 A-^G cul J_o5l <-ll_$0 

<jL^jjJ| 4 <A.JJlLo ^jGIjA^J ^-COL^JI 

^1 a < tn < mVI Cj^- jAj_ujUU 

—eg5J1 jjiinJI ^—ill 

<1_ 11 UJI ol_ jLaLII I_Jl^ 

oljl J-<-^^l J-<- LlJLJjII 

I JJLXJJ . ,^1-i lU CjVIj jJlUIjlII 

CjLjIaLII 6J—A (A \^. (^ill <\ — 2)^ 

uiu2>y\ j.^-1 IaLLlj ^_i_uj i 

<U^.jlllj ^<I aI \^” . ,.VI JJjlIjj 4^LcUlClIIL) ( uHj 

2j-^ 4jJj) 4 . 11 < V I I ! < y I 0 4^5 I 4 M^Jl 

f- ^aJIx. <jJ 1-4-udV 1 CjWI ^j-uG <A 4 T i 

m .U^ j£i\ 


((Ou^jjj) tLxJLxu/ CjLl^J 59 ‘LsJu^Ji <LuLj 

4^Lo^U <Jj_ < <«\*CII ^jUill 4_j^i « 

4>Lx_O^I 2j _Q <JlUa ^_l| <JJ_4-415%JI (J_(-42X4 

K 4 II) % _4_4Jtlll 

iLlfl ^ _4-4i 5111 tdj_ 4 1 (g 1 i 

4<tl^Jj> llj <AjAjJ| oLs-o^I /vl^a Ci 

I ^JAi 4 m 

l^lijj -(Jill (gjjun. Jl Jlx aIaLU <jJI 

4<a11^-c ^_cJji—(_ u3 <isk±l I 4_s—iljll 2j^ 

^ l&Iao ^—la -(Jull JA£ 

: 1-AA^.j <AjAjJI Ia-c^LI A 4 ^ 1 4^>\ 11 Cj2j) 4 

11 A _ 1 ^-IaV < 11 ^. 6 j_ JlcI^ (Jj^l 

4 7n <Jj _4-4ii5 ^^aIIj 4 jlla.ll 

^AjlUJI J_W) < s>T\ I Lj <1 cIa £._Iculi 

6 JCjI Jj j_iij ^ I i_al (tn5tl ^_ilaJL4_4ju 

^■Lojl jXJ cJlill ^_^a 1| 4^_i <_UJl1I -4—4J 

IajI— 4 —4j ^AaLJI jLae-> tn 4 mVI J-iAji— i-lla 

L^jI^-cLi ^c-ju-ojJ 4 j(jji^jA <Jj_ 4-41 )5J I 2)^ ‘ ^ 4^1 J 

<jljlC 2j Ij 4<Aj^. si JI 2) i l-^a-sl 

\ *4 C. 1 ^ C. I ~V ' jX I n V ( I ^ I J 1 ^ 4 ^*4 -V 4 » r 4 < ntl I 2j^ 

f * 1 "•> o* 

J* ^ ni5JI jjdsull cjVI_(_4jjI Sj-G ^jl 

flj^-l cjIajjSJI a ^.1 

4<JL^.Ij^2kJI oUlj_^JjLa 46 J_AS-ll 

2) I j-itC <S_^2 jyL± I <—IlJlU CjIj JI J—i 

<<iLLJL jlj-aVI J—lo - «-jjl 1 I 

{O^j J j-^b 

^Ifll ^-a JjAsJI J—3L^S 4 JjJ—^11 Jjj—II 

S JAa_c> (^4-lUT) ^—ill <^.j_aLJI <U^y_sJI 

l^_o 1 4-L^_i4_dull I cjI^j! 2j-^ ^^-*-11 <—j lWn 

JjjjV 6 Jl ^ Ij <JL^J <AlAaJi _4—41—1 

.JstA^ 4—Q»-5-c jlojlL-u 2 ^_lc 

^.^-Aa —1^. (jVI J-ajG 4 4_jL (_ti^l 6J— fr\j 

4 7u ^-lc J-o3LJ <jl^.I^^. Cj2 1—4—ci —1 1 J-&J 4j^Jala 

< lL^l5JI ^f\ Jl 4 (i\ ll^J 4 M^ll J^llj L^-4_41^S 

LT^ y& -^ ^ J-^ d\ 6^ 

£ ** 

I JAC ^Jlu jG 46A3 l 1I AA-O-l iUI-4-41 4_JJ-4JJU ^j| 

4<Jj-4-41 l5 15 J 10 £A-* ^jl^>li Cj2j -4-41Jl5JI 2j - 0 

olljlll A ^.1 <JjJUU <Jj (-41 1\ (J^ bjj5.1l_(-41 J 

0 '9 

. 2)1 1 ^ ^ o l_^J bjj5 \ 4 mj i^LolollI 

S5 y y 9 

^-O^GL ^1^. 6AA-1I ^jJI Cj2j- u^i\ ^1 Uj 
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2t 

. ^JJ j i7< llo ( iuJUd! tj-\H il^jj jSc 


jl jSLau JLj Jj-^ 5^-3 :SjjLi 3JL^ 
CjLa, jj aIc 4AjUlII 4Au £>Jl J <bijlalll oliMuAJI 
Uaukliu Lxij Qa jJJ JJI pJbdl Sjlj^JI 
.JALuJI (^u^jjAJI 

llj .<J[j(jlA> c-U-a^J lJLII jQ <^ll 

jjj^jJI J| 6 jAjlj_u.II <ajLJI c^LasJI cAl^ 
lL^w jJI jL < Jcl Ajlj-^ oU.jJ jAc (J-OJLJ 

. J-uul jJ-J S& cL^l-jGJI <S>3_& Jla 

<jl>L .D> IVlH JjLjjLkJI Ja_j 

jujll Luoul j_< LlAjJjlII^ <_a_aL^. j_aj 

jl [ ( ^^SJl *LlAl^’dI SjUI J (j * 1, L y±juujl\ 

(JA t _uu^fl £t_Jjj <A| Jl <LjL2s1 <<_jl_JuA^VI 

(Jo l_LAlAA 1 A I » ^ * )) < <Aj LsJ I ^jJ-LASJ_aJJ A SjlV\ 11 

^J ^.1 <AjL C^l-<-<aj_a clLij CaAL I jl I-aC 

ca_> La j.^A <i—JLaJI SjIj^JI cL>.jJ j—A c 

<cILlA CuL J-lj JL-y <<La_SJa J iC <A£La I 

((. L&jAc (J-ojlj jl j^-p J^-l Ajljay ol-^jj 

Aci.jJ £_jj <JjL^_a <1 j| <(JjjLa> JALxjj 

V J .'"’C^l SjIjaJI 

j_u<aLlaJI jc <u^Lslju_u'^I (Jc JaCC <_jjLyAJI 
J$v i'ti s cL<!Jl (Jjc^. (Jc LuojI LaAl j 
L a^ cLSJI j * n^L. i (jl JJlj <lc$-S . cLLlL 
cLuUjJI Jl <1 „,AlL\nAlL <JLJI 

. 4 \ 1 / ^j) 11 «JLLiil 

<J-jJ^JI J| A jAA-cga jlJI 6 j-& jjj 

<_ujL^. j—Ji^l Ljul I ^ l» ^ \ (jl (j—^_au <1 —ili 

^jAJI <cjI _«_uLi_jJI ^ ‘' , l ‘'' a ' u! ■ 

jla jiaJI c I j_j < I brittle uit «_sj_j. 

<LSj I Q1 1 o I (J_£j t ^l^s -\. Jla ( I o \ \ 1 1 
6 J n t nil jl Jl ^_a (J_oI_31JlII (jl^ I jLa .<JlL_*=J,I 
SjAjluuII dilu (ja (J^ tu| 1 * aA-uJ j JuJ-aJI J| 

<La^_a jl Jl 6 JJ& ^c_Ju-^aA L_jj_i_aJ» f(jxiLaJJI J| 

■ .<JJU> l JJj ((Jja* 

J/j ><!.Q .Ch> 

. dJjjjjjj *LLsJ-a 

ANEW IRON AGE (*) 
high-temperature superconductor (^) 
absolute zero (Y) 
the atomic lattice (r) 
sandwiched ( 1 ) 
arsenic (o) 

Journal of the American Chemical Society (t) 
spin fluctuations (V) 
orbital fluctuations (A) 
the Institute for complex adaptive matter (^) 
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